EC 554
Lecture : 3 Year: 11
Tutorial : 1 Part: 11

ENGINEERING MATERIALS

Course Dhjective:

1 This course will help students to learn about the relationship between
structure and propertics of matenals, application and synthesis of

various classes of matenals.

ii  Afier completion of this course. students are able to evaluate the

critena for the selection of matenals in chemical process industry.

Classification of materials and Crystal properties 1% hours)

1.1 Classes of engineering matenals, selection of matenals, economic,
environmental, and societal isswes in matenals science and
engmeering.

1.2 Structure of atoms and molecules, bonding in solids, types of
bonds and comparison of bonds.

1.3 Structure and 1mperfections in crystals, crystal structure, crystal
geometry, structure of crystalline solids, atomic packing factor and
density, miller indices. methods of determiming crystal structures,
imperfections in crystals, types of imperfection, point imperfection.

Phase diagrams and transformations (7 hours)

2.1 Encrgetics  of transiion, structure of  sohids.  nucleation,
mechanisms, nucleation rates, homogencous and heterogencous
nucleation.

2.2 Phase mule, unary, binary phase diagrams, thermal equilibrium

diagrams, eutectic, eutectic phase diagrams, Cd — Bi, Ph — Sn, Cu

— N1, Ag — Cu, Fe — C or Fe — Fe,C, phase transformations,
transformation curves for eutectond steels, plain carbon steels.

1.3 Effect of addition of alloying elements on the properties of steels,
types of steels used in chemical industnes.

Properties and applications of materials (% hours)

3.1 Electrical properties of matenals — Ohm's law, electrical
conductivity, electromic and 1onic conduction.

3.2 Energy band strecture in solids, electron mobility, electneal
resistivity of metals and alloys.

33 Semi conductivity  —
sermconductors, temperature dependence of carmier concentration,

minnsic  semiconductors,  extrinsic
Hall Effect. polanzation, piczo and ferroelectnicity; magnetic

propertics  —
ferromagnetism, soft and hard magnetic matenals.

paramagnetism,  diamagnetism,  ferm and

3.4 Thermal properties — specific heat capacity, thermal conductivity,
thermal expansion, optical fibre, lasers, propertics and applications
of matenals (iron, steel, stainless steel, nickel, hastelloy, copper
alloy, aluminum and its alloy, titanium, PVC, teflon. PTFE glass,
acid resistant bricks and ules).

Mechanical properties and deformations of materials {7 hours)

4.1 Deformations — concept of stress and strain, elastic and plastic
deformation in materials, stress — strain curves,

4.2 Dislocanons in metals — characteristics, slip systems, slip in single
crystals, deformation by twinning. multplication of dislocations,
fracture — ductile and brittle, fatngue — 5 — N curve, crack initiation
and propagation. creep, Gnffith’s criterion.

4.3 Comosion and mechanical strength, Mechamical strength depends
upon thermal property of matenals.



4.4 Matenals  testing  {destructive and non-destructive  testing),

International standard for materials testing. Evalutben Belseme:

5. Synthesis, fabrication, and processing of materials (13 hours) The questions will cover all the chapters in the syllabus. The evaluation
5.1 Fabrcation of metals — formmg, forging. rolling, extrusion. schomne will he aw todinaed  fi hibile Delow:
drowring, casting, powder metallurgy. Unit | Chapter | Topics | Marks
5.2 Thermal processing of metals — annealing, full - annealing, 1 1 all 16
normalizing, spheroidizing. T = ol 15
5.3 Fobrication of cermmic materials — plass forming, particulate = =
forming. cementation. 3 3 all 16
5.4 Synthesis and fabrication of polymers — addition and condensanon 4 4 all 12
polymenzation, varnous techmques for polymer processing B 5 all 24
(casting, extrusion, thermoforming, imection, compression and
transfer molding). i -

5.5 Processing of polymer in nano scale (nano particles and nano
fibers). degradation of polymer.
5.6 Criteria for sclection of matenals in chemical process industry.

References:

1. W. D. Callister Ir, D. G. Rethwisch, “Fundamentals of materials
science and engineering: an integrated approach™, John Wiley & Sons.
R. K. Purn, V. K. Babbar, “Solid State Physics™, 5. Chand Publishing.
3. B. 5. Mitchell, “An introduction io matenals engincening and science
for chemical and materials enpineers™, John Willey & sons

=t

Publication.
4. V. Raghavan, “Matenals Science and Engineering”, Prentice Hall of
Indiz.



Environmental Sclence and Follution Control

ECS55
Lecture : 3 Year 3 10
Tutorlal : 1 Part 3 10
Practical : 312
Course objectives

This course Structure 15 aimed to cover Environmental Science and Pollution Control
mreasures. In the first section students will be able to understand the relation between
environment and human beings { Ecology ). Second section will deal with water, air,
sound and solid waste pollution, their impacts and possible control measures.

Environmental Science {9 hours)

1.1 Physical or Abiotic Environment

1.2  Living or Biotic Environment

1.3  Social and Cultural Environment

1.4 Psychological Environment

1.5 Types of ecosystems; Forest, grass land, lentic, manne, desert,
wetlands ecosystem structure and functions.

1.6 Components of ecosystem abiotic and otic, ecosystem boundary,
ecosystem function and ecosystem metabolism.

1.7 Bref concept of Environment Impact asscssment (E1TA)

‘Water Pollotion {9 hours)

2.1 Types of water pollution and their sources

2.2 Physical pollution of water

2.3  Chemical pollution of water

24 Biological pollution of water

25 Impacts of water pollution and thewr remedies

2.6 Sipmficance of DO, BOD and Eutrophication  in water quality.

2.7 Water treatment system Oxidation Pond, Facultative Pond. Acrobic
Pond and Activated sludge process

2.8  ‘Water quality standards of Nepal

Air Pollution {9 hours}
3.1  Ambient air Pollutants

312 Natural and Anthropogenic sources of air pollutants

313 Pariiculate Matters {PM) their types. sources and mpacts

34 Measurement of different particulate matters TSP, PM ,and PM,

3.5  Indoor Air pollutants and their spurces

3.6 Impacts of indoor air pollutants and therr control measures

3.7 Aur quality standards of Nepal

MNoise Pollution and Climate Change {9 hours)
4.1 Human car

4.2  Sources and nature of sound

4.3 Moise levels at different places and their effects

44  Measurement of noise pellution and sts quantification

4.5  Prevention and control of noise pollution

4.6 Climate and weather

4.7  Sun as source of energy

4.8 Temperature inversion

4.9 Acrosols and their impact on climate change

Solid Wastes {9 hours)
5.1 Sources and types of solid waste

5.2  Charactenistics of solid waste

5.3  Impacts of solid waste on environment, human and plant health.

54 Components of solid waste management

5.5 Solid waste source of energy



Final Examination
The questions will cover all the chapter of the syllabus. The evaluation scheme

W

il be as follows:

Unit Chapter | Topics Marks
1 1 All It
2 2 All It
3 3 All &
4 4 All It
5 5 All It
Total B

Practical

Dissolved Oxygen {30) in different water samples by Winkler's method.

2. Amount of dissolved solid, suspended solid, total solid, volatile solid, pH and
conductivity of water samples.
3. Measurement of Particulate matters in ambient air and mdoor ar.
4. Practical observations of wasie water treatment planis.
5. 501l quality assessments in the laboratory (mmsture, pH and salimity)
6. Study visits to aguaculture farm and observe the correlation of consumers and
producer.
7. Inventory repont on hazardous in different industries.
References
I. Sharma B.K.. 2001. Environmental Chemistry. Geol Publ. House, Meerut
De ALK, Environmental Chemistry, Wiley Eastern Lod.
2. Odum, E.P. 1971, Fundamentals of Ecology. W_B. Ssunders Co. USA, 574p
1. Pam, B. 2007. Textbosk of Environmemial Chemistry. 1K international
Publishing House
4. Gurjar, B.R_. Molina, L.T. & Ojha C.5.P. 2010. dir Pollution: Health and

Environmental Impacts. CRC Press, Taylor & Francis.

5. Major Hazards and Their Management G_L. Wells Geoff Wells Publisher: 1
Chem E Publication vear: 1997
6. Environmental Science Eldon Enger and Bradley Smith Me Graw Hill



CHEMICAL FROCESS INDUSTRIES 1

EC 552
Lecture = 3 Year : 11
Tutorial = 1 Part : Il
Course Objective:

Understand major industnal manofacturing processes of morganic
chemicals.
Learn flow sheeting of processes.

Chlor-Alkali industries (% hours)

1.1 Historical, uses and economics

1.2 Manufacture of sods ash

1.3  Manufacture of chlonne and caustic soda: reactions, types of cells,
purification

Acid industries (5 hours)

1 Historical, uses and economics

2 Mining procedure of sulfur

3  Manufacturing procedure of sulfunc acid by contact process
5

P Bl bd Bl

4 Contact process equipment

-

Manufacturing procedure of hydrochloric acid

Industrial gases (% hours)
3.1 Historical, uses and economics

3.2 Manufacture of carbon dioxide, dry ice

3.3  Manufacture of hydrogen

34 Manufacture of nitrogen and oxvgen

3.5 Manufacture of acetylenc

7.

Cement industries {6 hours}

4.1 Historical, uses and economics

4.2  Manufacturing procedure of portland cements

43 Types. compounds in cements, sctting and hardening of cements, other
cements

44  Manufacturing procedure of refractories and its classificanons

Gilass industries i3 hours)
5.1 Historical, uses and economics, compositions

5.2  Manufacturing procedure of glass

5.3 Manufacturing procedure of special glasses

Surface coating industries 12 hours)
6.1 Historical, uses and cconomics

6.2  Paints constituents

6.3 Manufacturing procedure of paints

6.4  Types of pigmenis

Phosphate industries {tr hours}
7.1  Historical, uses and economics

7.2  Processing of phosphate rock

7.3  Manufacturing procedure of phosphoric acid (wet process)

74 Monufacturing procedure of normal superphosphate and tnple
supcrphosphate

7.5  Muonufacturing procedure of monoammeoenium phosphate (MAFP), and
diammonium phosphate (DAP)

Nitrogen industries {6 hours}

8.1 Historical, uses and economics

8.2 Manufacturing procedure of svnthetic ammonia
2.3 Manufactuning procedure of nitnic scid

84 Manufacturing procedure of urca



1.

8.5 Manufactunng procedure of ammoniom mitrate, and ammonum

sulfate
Potassinm indusiries (2 hours)
9.1 Historical, uses and economics
9.2  Manufacturing procedure of potassium chlonde
93  Manufacturing procedure of potassium sulfate
Water conditioning and environmental protection (5 hours)

10.1 Water conditioming methods

10.2 Types of pollutants, sewage characteristics, environmental protection
10.3 Municipal waste waler treatment

10.4 Industrial waste water treatment

Note: There will be one field visit & presentation

References:

!-l

G. T. Austin, “Shreve’s Chemical Process Industries”™ . Mc Graw Hill Book Co.,
Mew York.

5. D. Shukla, G. N. Pandcy. “Text book of Chemical Technology™, Vol | — 11,
Vikas Publishing. India.

R. Gopal and M. Sithg, “Dryden’s Outhine of Chemical Technology: For
The 215t Century™, Affiliated East-West Publishers.

W. V. Mark, 8. C. Bhatia, “Chemical Process Industries Vol 1 - II", CBS
Publishers & Distributors Pvi. Lid.

E. R Ricgel, 1. A. Kent, “Riegel's Handbook of Indusinal Chemisiry,
Springer Science & Business Media.

K. Othmer, “Encyclopedia of Chemical Technology, Wiley Interscience: New
York. Inter Science Publishers.

Evaluation Scheme:
The questions will cover all the chapters in the syllabus. The evaluation
scheme will be as indicated 1n the table below:

Unit | Chapter | Topics | Marks
I T&2 all 16
2 3& 1D all 16
3 4 &5 all 16
4+ 687 all 16
5 B&9 all 16
Total a0




Lecture : 4
Tutorial = 1

HEAT TRANSFER
EC 553

Year : 11

Practical : L5

Course Objectives:

Demonsirate effective approaches to solving 10V2D heat transfer problems by
hand and by using computing tools such as MS Excel, ANSYS and Python or
Matlab.

Apply enerzy balance equations and rate laws 1o solve conduction (steady and
unsteady state), convection and radiation heat trunsfer problems

Use energy balance approach to solve heat transfer problems mvolving phase
changes (boiling and condensation).

Use energy balance approach. correlations to solve problems with various
types of heat exchangers.

Fundamentals of heat transfer (5 hours)
1.1 Rate equatons of conduction, comvection and radiation

1.2  Conservation of energy for a control volume

1.3 Analysis of heat transfer problems

Steady state one dimensional (1D} conduction {7 hours)
2.1 Conduction rate equation

22 Themal properties of matter

2.3 Heat diffusion equations and boundary conditions

24 1D conduction for planar, cvlindrical end sphencal geometnics

2.5 Conduction with thermal energy generation

2.6 Heat transfer from extended surfaces

Steady state multi-dimensional conduction (4 hours)

3.1 Fimte difference form of heat equation
3.2 Use of ANSYS or Python for solving problems

(LR

Time dependent conduction {4 hours)
4.1 Lumped capacitance method

42 Useof ANSYS or Python for solving problems

Fundamentals of convection {4 hours)
5.1 Convection boundary layers

52 Introduction o convection cocfficients

5.3 Lamunar and turbulent flow

54 Boundary laver equations

5.5  Introduction to dimensionless parameters

External forced convection {4 hours)

6.1  Introduction to correlation for external flows across flat plates, cylinders
and spheres

Internal forced convection {4 hours)

7.1 Correlations for internal flows scross flat plates, cylinders and spheres

Natural convection {4 hours)
B.1 Govermng relations, laminar and vertical flow

B2 Comelations for internal and external free flows across flat plates.

cylinders and spheres
Boiling and condensation processes (6 howrs)
9.1 Boiling modes
9.2 Pool boiling correlations
93 Forced convection boiling
94 (Condensation on planar and radial systems
Heat exchanger devices {6 hours)

10.1 Types of heat exchangers
10.2 Log Mean Temperature Difference
10.3 Effectivencss — NTU method



11. Fundamentals of radiation {7 hours) Evaluation Scheme:

I.1 Fundamental concepts The questions will cover all the chapters in the syllabus. The evaluation scheme
11.2 Radiaton intensity, blackbody radiation, emission from real surfaces

11.3 Absorption, reflection and transmussion by real surfaces

will be as follows:

11.4 Kirchhoff's law LUt Chapter Topics | Marks
1.5 Gray surface 1 1 &2 all 16
2 34&5 [} 1]
12, Radiative transfer between surfaces (5 hours) ~ a
_ 3 6,T&S all 10
128 Noww Basor _ 3 9& 10 all 16
12.2 Radiation exchange between opague. diffuse and pray surfaces 3 &1z all T
T - )
12.3 Multimode heat transfer Total a0

Practical:

I. Determine the overall heat transfer coefficient of a composite wall.

2. Determine the heat transfer cocfficient in forced convection of air in a
tulbse.

3. Determine the average heat transfer coefficient of vertical cylinder under

natural convection.

Determine the Stefan Boltzmann constant for & given material.

Study the heat transfer phenomena in finned tube heat exchanger,

Study of heat transfer conduction from a pan fin.

Determine the expenmental and theoretical heat transfer coefficient for

g i o

drop wise and film wise condensation.

Heferences:

I. F. P. Incropera, D. P. DeWit, T. L. Bergman, A. S. Lavine, “Incropera’s
Prnciples of Heat and Mass Transfer”, John Wiley & Somns.
Y. A Cengel, A. 1. Ghajar, “Heat and Mass Transfer: Fundamentals and
Applications”, MeGraw Hill Education Private Limited.
3. W. L. McCabe, 1. C. Smith, P. Harmott, “Unit Operations of Chemical
Enpineenng”, MoGraw Hill Education Private Limited.
4. D. Q. Kern, “Process Heat Transfer”, MoGraw-Hill Book Company.
J. P. Holman, “Heat Transfer”, MoGraw-Hill Book Company.

[



Lecture: 3
Tutorial: 1

Thermodynamics 1
EC 551

Year: 111
Part: I1

Course Objectives:

iTh

Learn the basic concepts, the first law and the second law of

thermodynamics.

Understand the concept of Gibbs free energy, residual properties of

volume, intemnal energy, enthalpy, entropy, and heat effects.

Understand the flow processes, refrigeration and hguefaction processes.

Introduction
1.1 The scope of thermodynamics

1.2 Thermodynamic system and processes
1.3 state functions, thermodynamics propertics
1.4 Energy, Heat and Work

14 hours)

The First Law and Other Basic Concepts
2.1 Joule’s experiments, Internal energy

(8 hours)

2.2 The first law of thermodynamics

2.3 Energy balance for closed svstems

2.4 Thermodyvnamic state and state functions
2.5 Equilibrium. Phase rule, Reversible process
2.6 Constant — ¥ and constant — P processes
2.7 Enthalpy , Heat capacity

2.8 Mass and energy balances for open systems

Volumetric Properties of Pore Fluids
3.1 P v T behavior of pure substances

3.2 vinal equations of state

{8 hours)

3.3 The ideal gas
3.4 Application of the Vinal Equations
3.5 Cubic equations of state

Heat Effects
4.1 Sensible heat effects

4.2 Latent heat of pure substances
4.3 standard heat of reaction

4.4 standard heat of formation

4.5 standard heat of combustion

4.6 Temperature dependence of AH®
4.7 Heat effects of industrial reactions

The Second Law of Thermadynamics
5.1 Statements of the second law

5.2 Heat engines

5.3 Camnot’s equations

5.4 Entropy

5.5 Entropy chanpes of an ideal zas

5.6 Mathematical statement of the second law
5.7 Entropy balance for open systems

5.8 1deal work and lost work

Applications of Thermadynamics to Flow Processes
6.1 Applications to flow processes

1.2 Mozzles, turhines, compressors

Refrigeration and Liguefaction
7.1 The Camnot refrigerator

7.2 The Vapor-compression cycle

{6 hours)

{10 hours)

{4 hours)

(5 hours)



7.3 The choice of refrigernt Total

7.4 Absorption refrigeration

1.5 The heat pump

T.6 Liguefaction processes

References:

[

J. M. Smith, H. C. Van Ness, M. M. Abbot, “Chemical Engineering
Thermodynamics,” McGraw-Hill Intemational Edition.

Y. A Cengel. M. A. Boles, “Thermodynamics: An Engineering Approach™,
MeGraw-Hill,

T. E. Daubert., “Chemical Engincening Thermodynamics™, McoGraw-Hill
Book Company.

5. I. Sandler, “Chemical and Engineering Thermodvnamics™, John Wiley
and Sons, Inc.

B. G. Kyle, “Chemical and Process Thermodvnamics™, Prentice Hall.

M. D. Koretsky, “Engineermg and Chemical Thermodynamics™, Wilev.

Evaluation Scheme:

The questions will cover all the chapters in the syllabus. The evaluation
scheme will be as indicated in ihe table below:

Unit | Chapter | Topics | Marks

I 1 &4 all (1]
2 2 all (1]
i all (1]
5 all 1]

| | w

6& 7 all 1]




NUMERICAL METHODS

SHE&D3
Lecture @ 3 Year = 1D
Twiwrial = 1 Part = 1
Practical : 3

Conrse objective:

Ta introchsce numerical metheds used for the solution of engineering problems. The
course emphacizes algorithm development and programming and application o
realistic engimeering problems.

1.

Imtroduction. Approximation and errors of compatation {dhonrs)

1.1, Indroduction. Importance of Numerical Methods

1.2, Approximation and Emmors in computation

1.3, Taylor's series

1.4 Newion"s Finite differences {forwand . Bockward, centrml difference, divided
difference]

1.5.  Difference opembors, shifi operstors, differeniial operaiors
L6 Uses and Importance of Compuater progromming in Mumerical Methods.

Solations of Nonlinear Equations {5 hours)
21.  Bissction Method

12 Newion Raphson method | two equation solution)

213,  Regula-Falsa Method , Secant method

2.4, Fixed point iteration method

15 Rate of comvergence and comparizons of these Methods

Solation of system of linear alpcbraic equations 18 hours)
31 Couss elimination method with piveting strategies

3.2 Geuss-Jordan method

313 LU Foactorization

34 Hemiive methods {Jacobi meihod. Gauss-Seidel meihod )

3.5  Eigen value and Eigen vector using Power method

Imterpolstion B hours)

4.1,  MNewion's Interpolation | forward. backward)

42 Central difference interpolstion: Stifling's Formmula, Bessel's Formula

43,  Lagrange interpolation

44 Least squane method of fting linear and nonlmear ourve for discorete datn and
continuouws Runction

4.5 Spline Interpolation { Cubic Spline)

Numericsl Differentintion ool Imtez ration
5.1, Mumerical Differentiation formualoe

{6 hours)

52. Maxima and minima

51, Newton-Cote peneral quadrature  formsla

54. Trapezoidal, Simpson's 173, 3% mle

55. Romberg inegration

56. (ioussian intepgration | Canssian — Lependre Formula 2 poim and 3 poant

6.  Solmion of ordinary differential equotions 1 hours
6.1.  Eulers and modified Euler’s methiod
6.2. Runge Kotia methods for Ist and 2Znd order ordinary differential equations
6.3, Solution of boundary value problem by finite difference method and shooting
meihod.
7. Nomerical solution of Partial differentiol Equation (B hours)
T.1.  Classafication of partial differentinl equsison{ Elliptic. parabolic. and Hyperbolic)
T7.I. Solation of Laplace equation { standard five point formuda with itemative methiod)
7.1, Solotion of Poisson equation {finite difference approximation)
74,  Solation of Elliptic equation by Relaxation Method
7.5. Solution of one dimensional Heat equation by Schmide method
Practical:

Algorihm and progrmm developmend in C programming languape of following:

Generate difference iable.

2. At least two from Bisection method. Newton Raphson method, Secant method

3. At least one from Gouss climination method or Gauss Jordon method. Finding largesi
Eigen valwe and corresponding vector by Power method.

4.  Laprange imerpolation. Curee Gtting by Least square method.

5. Differentintion by Newton's finiie difference method. | jom using i s 3R
ks

6. Solution of 1” order differential equstion wsing RE-4 method

7. Panial differential equation | Laplace equation

&. Numerical solutions using Matlab.

References:

1. Dr. B5Grewal. "Numerical Methods in Engineering and  Science ", Khannn
Publication.

2. Rober ) schilling, Sandra | harries . = Applied Namerical Methods for Engineers using
MATLAB and C.", Thomson Brooks/cole.

3. Richard L. Burden, J. Dousglas Faires. "Numerical Analysis", Thomson | Brooks/cole

4. John H. Mathews. Kurtis Fink "Mumerical Methods Using MATLAR" Prentice Hall
publication

5. JAAN  KIUSALAAS | "Mumenical Methods in Engineering with MATLAR" |

Cambridge Publication



Evaluntion scheme:

The questions will cover all the chapters of the syllabus. The evalaation
be 2 indicated in the table below

Uni Chapter Topics Marks

I I &2 all (1]

2 3 all 16

3 4 all 16

" - . 16

5] 6.1, 6.2

_ & 6.3

5 - mr 16
Tatal B

e will



	22a_001.pdf (p.1)
	22a_002.pdf (p.2)
	22a_003.pdf (p.3)
	22a_004.pdf (p.4)
	22a_005.pdf (p.5)
	22a_006.pdf (p.6)
	22a_007.pdf (p.7)
	22a_008.pdf (p.8)
	22a_009.pdf (p.9)
	22a_010.pdf (p.10)
	22a_011.pdf (p.11)
	22a_012.pdf (p.12)

