
DEPARTMENT OF AGRICULTURAL ENGINEERING 
FACULT Y OF AGRICULTURAL SCIECES & TECHNOLOGY, B.Z.U. MULTAN 

(Scheme of Studies for PhD Agricultural Engineering 

_______________ (Applicable w.e.f. Spring Semester 2016 & onward)__________________ 

 

PhD Agricultural Engineering will be offered with following three specializations: 

1. Irrigation & Drainage (I&D) 

2. Farm Machinery & Energy (FME) 

3. Structures and Environmental Engineering (SEE) 

 

1. IRRIGATION & DRAINAGE SECTION (I&D) 

Sr. 

No. 

Course No. Name of Course Credit Hours 

1 I&D-701 Stochastic Hydrology    3(2-1) 

2 I&D-702 Groundwater Hydrology 3(2-1) 

3 I&D-703 Surface & Groundwater Modeling  3(2-1) 

4 I&D-704 Advanced Soil and Water Conservation 

Engineering 

3(2-1) 

5 I&D-705 Sedimentation Engineering 3(2-1) 

6 I&D-706                   R Remote Sensing and GIS Application  in Water 

Resources   

3(2-1) 

7 I&D-707 Climate Change and Water Resources  3(2-1) 

8 I&D-708 Resources Conservation Engineering 3(2-1) 

9 I&D-709       Planning & Design of Irrigation Systems 3(2-1) 

10 I&D-710                        Computational Hydraulics 3(2-1) 

11 I&D-719                        Seminar-I 1(0-1) 

12 I&D-720                        Seminar-II 1(0-1) 

13 I&D-721 Research & Thesis  

 

  



2. FARM MACHINRY AND ENERGY (FME)  

 

Sr.No. Course No. Name of Course Credit Hours 

1 FME-701 Advanced Power and Machinery 3(2-1) 

2 FME-702 Experimental Stress Analyses 3(2-1) 

3 FME-703 Operation Research 3(2-1) 

4 FME-704 Thermal Air-Conditioning Engineering 3(2-1) 

5 FME-705 Grain Storage and Processing 3(2-1) 

6 FME-706 Design Analysis of Agricultural Machinery 3(2-1) 

7 FME-707 Modeling of Agricultural Machinery 3(2-1) 

8 FME-708 Energy System Engineering 3(2-1) 

9 FME-709 Psychrometric Renewable Energy Systems 3(2-1) 

10 FME-719                        Seminar-I 1(0-1) 

11 FME-720                        Seminar-II 1(0-1) 

12 FME-721 Research & Thesis  

 

3. STRUCTURES AND ENVIRONMENTAL ENGINEERING (SEE)  

Sr.No. Course No. Name of Course Credit Hours 

1 SEE-701* Physico-Chemical Processes for Water & 

Wastewater Treatment 

3(2-1) 

2 SEE-702 Water Pollution Control Engineering 3(2-1) 

3 SEE-703 Biological Wastewater Engineering  3(2-1) 

4 SEE-704 Ecological Engineering for Waste Management

  

3(2-1) 

5 SEE-705 Engineering Creativity 3(2-1) 

6 SEE-706 Contaminant Transport 3(2-1) 

7 SEE-707 Theory and Design of Structures 3(2-1) 

8 SEE-708* Water and Wastewater Treatment Plant Design  3(2-1) 

9 SEE-709 Environmental Impact Assessment-Case Studies 3(2-1) 

10 SEE-710 Modern Farm Structures 3(2-1) 

11 SEE-719                        Seminar-I 1(0-1) 

12 SEE-720                        Seminar-II 1(0-1) 

13 SEE-721 Research & Thesis  
*Course Content of SEE-701 & SEE-708 are updated by BoS in its meeting held on 26-05-2022 

 

  



1. IRRIGATION & DRAINAGE (I&D) 

Sr. 

No. 

Course No. Name of Course Credit Hours 

1 I&D-701 Stochastic Hydrology    3(2-1) 

2 I&D-702 Groundwater Hydrology 3(2-1) 

3 I&D-703 Surface & Groundwater Modeling  3(2-1) 

4 I&D-704 Advanced Soil and Water Conservation 

Engineering 

3(2-1) 

5 I&D-705 Sedimentation Engineering 3(2-1) 

6 I&D-706                   R Remote Sensing and GIS Application  in Water 

Resources   

3(2-1) 

7 I&D-707 Climate Change and Water Resources  3(2-1) 

8 I&D-708 Resources Conservation Engineering 3(2-1) 

9 I&D-709       Planning & Design of Irrigation Systems 3(2-1) 

10 I&D-710                        Computational Hydraulics 3(2-1) 

11 I&D-719                        Seminar-I 1(0-1) 

12 I&D-720                        Seminar-II 1(0-1) 

13 I&D-721 Research & Thesis  

 

 

I&D-701     STOCHASTIC HYDROLOGY   3(2-1) 

Review of probability and statistics: Hydrologic application, distributions of sample statistics, 

hypothesis testing, goodness of fit test, conditional probability (Bays theorem) total probability 

theorem, derived distribution. 

Flood Frequency Analysis: Most commonly used distributions, extreme value distribution, plotting 

positions, correction for bias in estimation of the coefficient of skew, wakeby distribution. 

Univariate Time Series Analysis: Stationary   and ergodicity, removal of trends and periodicities, 

correlation analysis, autoregressive moving average (ARMA) models, normalization 

transformation. 

Multivariate Time series Analysis: Serial and cross correlation, multivariate AR models, 

disaggregation models. 

Analysis of Spatial Hydrologic Processes: Theory of regionalized variables, optimal estimation 

using kriging stationary random fields, non-stationary random fields-intrinsic stationary, 

prediction.  

PRACTICALS 

1-Annual stream flow model using time series model. 



2- Flood frequency analysis. 

3-Analysis of spatial hydrologic process 

4-Analysis of monthly rainfall probabilities   by weighted transformation. 

RECOMMENDED BOOKS 

1. Ven Te Chow, David, R. Maidment, Larry W. Mays (2010) “ Applied Hydrology” 

McGraw Hall, Limited 

2. Bras , R.L. and  I. Rodrigues-iturb. 1994 . Random Functions and Hydrology. Addison-

wesley , Boston, USA. 

 

I&D-702  GROUND WATER HYDROLOGY    3(2-1) 

Groundwater origin and Occurrence:   Geologic formation and groundwater distribution in Indus 

Basin aquifer system, Global distribution of groundwater levels.  

Hydrologic Budget: Surface water, soil water and groundwater budget. 

Aquifer characteristics: Homogeneous and non-homogeneous aquifers, Isotropic and anisotropic 

aquifers, storage coefficient, hydraulic conductivity, transmissivity and their determination. 

Steady Well Hydraulics: Dupuit_Forchheimer assumptions, Boussinesq equation, differential 

equations for confined flow, flow equations with vertical accretion, one   dimensional   flow radial 

flow, aquifer   boundaries, leaky aquifers, one dimensional flow and radial flow in leaky aquifers. 

Superposition of wells: Principle of superposition, drawdown due to a well field, pimping near 

hydrologic boundaries, fully penetrating and partially penetrating well considerations. 

Unsteady well hydraulic: Unsteady radial flow towards a fully penetrating well, radial flow in 

leaky aquifer, drawdown with variable pumping rater,  one dimensional flow with distributed 

recharge. 

Pumping test data analysis: Methods, data collection, data analysis, methods of determining 

aquifer, characteristics using test data. 

Groundwater quality:  Water analysis, irrigation water quality criteria, groundwater pollution. 

PRACTICALS 

1-Hydrological study of a watershed. 

2-Determination of well characteristics from pumping test data. 

3-DesIgning  of pumping well for specific situations. 

 



RECOMMENDED BOOKS 

1. Groundwater and Wells by Robert J. Sterrett , Nov 2007) Jacob Bear, 2007. 

2. Hydraulics of groundwater. McGraw Hill Book Company, New York. 

 

I&D-703  SURFACE AND GROUND WATER MODELING  3(2-1) 

Introduction: Concept of mathematical modeling, components of a model, empirical and 

conceptual models, testing and use of models. 

Hydraulics of Surface Irrigation: Flow Characteristics, phases of Irrigation, factors influencing the 

flow regimes, hydraulic performance of surface irrigation. 

Hydrodynamic Model: Derivation of Sain-Venant equations, interpretation of components of mass 

conservation and momentum equations, boundary conditions, numerical solution to Saint-Venant 

equations, non dimensionalization of continuity and momentum equations. 

Zero-Inertial Model: Concept of zero-inertia, general mathematical approach, non 

dimensionalization of zero-inertia equations, numerical solutions and verification of zero-inertia 

models. 

Kinematic-Wave Model: Kinematic wave theory, characteristic solution, deformable control 

volume and verification of kinematic wave model. 

Groundwater Modeling: Modeling concepts, types of models, need for aquifer models, model 

calibration, introduction to Modeling techniques i. e. Finite Difference Model, Finite Element 

Model. 

Analytical solution techniques: Laplace equation, isotropic and anisotropic aquifers, solution of 

Laplace equation. 

Finite difference model: Theoretical consideration of one dimensional flow, grid system,  explicit 

and implicit solution techniques, Crank Nicholson approximation, two dimensional flow case, 

application of finite difference model to the solution of groundwater problems.  

Unite Element Model: Theoretical considerations, mesh generation solution techniques, 

application of finite element model  to groundwater flow problem. 

PRACTICALS 

Practical Exercises of Surface and Ground water modeling uing different models 

RECOMMENDED BOOKS 

http://www.amazon.com/Groundwater-Wells-Robert-J-Sterrett/dp/0978779304/ref=sr_1_3?ie=UTF8&s=books&qid=1232431026&sr=8-3


1. Hoffman, J., Robert, G., Evans, Jensein, M.E. 2007. Design and Operation of Farm 

Irrigation Systems. American Society of Agricultural Engineers Monograph, St. Joseph, 

Michigan, USA. 

2. Boonstra, 1990 . Numerical Modeling of Groundwater Basin, I L R I , VOL 29, 

international institute for land Reclamation and improvement  wageningen, the 

Netherlands. 

3. Jacob Bear , 2007 . Hydraulics of Groundwater McGraw- Hill  Book company , New 

York. 

 

I&D-704  ADVANCED SOIL AND WATER CONSERVATION    

   ENGINEERING       3(2-1) 

Introduction to soil erosion problems in Pakistan: Barani zones of Pakistan, land capabilities and 

existing management practices to control soil erosion in the Barani Zones 

Water Resources of the Barani Area: Existing water management practices and future planning 

for water development to avoid soil erosion. 

Model of erosion: Mechanics of erosion, concepts of fluid flow, rainfall energy, erosivity of 

rainfall, the prevention and control of water erosion by mechanical and agronomic methods, 

Numerical estimation of erosion losses: Erosion equations, sediment measurements, erosion 

modeling (use of recent models e.g. AGNPS). 

Water conservation structures: Temporary and permanent structures, types of dams (small dams, 

notting dams, 6hermos6d dams, song dams, 6hermo dams), design of farms, factor affecting design 

of dams, functional requirements and design of drop spillways, chutes, pipe spillways. 

RECOMMENDED BOOKS 

Schwab, G.O. 2003. Soil and Water Conservation Engineering, 3rd ed. Jhon Willy & Sons Inc. 

Canada 

Furniss, P. 1999. Practical Conservation: Water and Wetlands Open University. 

 

 

 

 

 

http://www.amazon.com/Practical-Conservation-Water-Wetlands-Univers/dp/0340545410/ref=sr_1_2?ie=UTF8&s=books&qid=1232083987&sr=8-2


I&D-705   SEDIMENTATION ENGINEERING   3(2-1) 

Nature of sedimentation problems: Introduction, problems of erosion, sediment transport and 

sedimentation deposition. 

Sediment transport mechanics: Concept of fluid flow, rainfall energy, erosion equation, erosion 

modeling (AGNPS Model), initiation of particle movement, transport mechanism, suspended load, 

total load. 

Sediment yields: Surface flow conditions, sediment sampling, sediment Yield empiricisms. 

Sediment control methods: Watershed surveys, land treatment, measures for watershed protection, 

stream channel improvement and stabilization, channel design, de silting works, design of de 

silting works. 

RECOMMENDED BOOKS 

Yang, T.C. 2003 Sediment Transport: Theory and Practice  

Julien, P.Y, 2003 Erosion and Sedimentation by Pierre Y. Julien 

Haan, C.T. 1994, Design Hydrology and Sedimentology for Small catchments. 

Sedimentation Engineering: Theories, Measurements, Modeling and Practice: Processes, 

Management, Modeling, and Practice (Asce Manual and Reports on Engineering Practice 

No. 110) by Marcelo H. Garcia (Editor)  May 15, 2008. 

Soil Erosion, Conservation, and Rehabilitation (Books in Soils, Plants, and the 

Environment) by Agassi, Nov 7, 1995 

 

I&D-706  REMOTE SENSING AND GIS APPLICATION IN WATER RESOURCES   

              3(2-1) 

Components of GIS: Function of GIS, vector data, raster data, coordinate system, map projection, 

spatial data input, spatial data management and analysis, overlay operation, attribute data handling, 

network analysis, statistical operation using GIS.  

Introduction to remote sensing and remotely sensed data: Electromagnetic radiation, different types 

of satellite, data acquisition, digital image processing, aerial photography, image analysis, image 

classification, supervised and unsupervised classification, Image enhancement, edge enhancement, 

digital elevation model, TIN model, geostatistical tools, kriging techniques.  

http://www.amazon.com/Sediment-Transport-Chih-Ted-Yang/dp/1575242265/ref=pd_bbs_sr_1?ie=UTF8&s=books&qid=1232370962&sr=8-1
http://www.amazon.com/Erosion-Sedimentation-Pierre-Y-Julien/dp/0521636396/ref=pd_bbs_sr_3?ie=UTF8&s=books&qid=1232370962&sr=8-3
http://www.amazon.com/Sedimentation-Engineering-Measurements-Processes-Management/dp/0784408149/ref=sr_1_1?ie=UTF8&s=books&qid=1232430668&sr=8-1
http://www.amazon.com/Sedimentation-Engineering-Measurements-Processes-Management/dp/0784408149/ref=sr_1_1?ie=UTF8&s=books&qid=1232430668&sr=8-1
http://www.amazon.com/Sedimentation-Engineering-Measurements-Processes-Management/dp/0784408149/ref=sr_1_1?ie=UTF8&s=books&qid=1232430668&sr=8-1
http://www.amazon.com/Erosion-Conservation-Rehabilitation-Plants-Environment/dp/0824789849/ref=sr_1_5?ie=UTF8&s=books&qid=1232430528&sr=8-5
http://www.amazon.com/Erosion-Conservation-Rehabilitation-Plants-Environment/dp/0824789849/ref=sr_1_5?ie=UTF8&s=books&qid=1232430528&sr=8-5


Image interpretation for irrigation system: Forestry, snow cover, and geology, watershed delineation, 

regional scale concept, application of ILWIS model for, irrigation water requirement, determining of 

peak runoff, erosion modeling, flood hazard analysis, geological survey, groundwater pollution 

vulnerability assessment, GPS, components of GPS, survey using GPS errors in GPS survey, Total 

station. 

RECOMMENDED BOOKS 

1. Alter, S. 2003. Information System, a management perspective. (2nd ed). The 

Benjamin/Cummings Publishing Co. 

2. Heam, D. and M.P. Baker. 1998. Computer Graphics (2nd ed). Prentice Hall of India New Delhi. 

3. Hill, F.S. Jr. 1990. Computer Graphics, Macmillan Publishing Co., New York. 

4. Qaddafi, G. 2000. Numerical Analysis for Engineering. Prentice Hall, USA. 

5. Segerlind, L.J. 1990. Applied Finite Element Analysis. John Wiley & Sons,    

       Inc. N.Y., USA. 

6. Murai, S. 1997. Remote Sensing Note. Japan Association on Remote Sensing, Tokyo. 

7. Lillesand, Thomas M. and Ralph W. Keifer, 2002, Remote Sensing and Image Interpretation, 

John Wiley and Sons, NY 

8. Sabins, Floyd F., 2002, Remote Sensing Principles and Interpretation, Latest Ed, W. H. Freeman 

and Company. NY 

 

I&D-707  CLIMATE CHANGE AND WATER RESOURCES  3(2-1) 

Introduction: The Earth System: Overview of Earth system processes, Description of current 

climate. Radiation, energy, and climate: Global energy balance, Absorption and Emission, 

“Greenhouse” effect, Radioactive-convective equilibrium, Geographic distribution of isolation & 

role of energy transports, Cloud radiation effects. The Land Surface & Surface Energy Budget; 

Vegetation and soils, Land surface energy and water budget, turbulent transfer and the atmospheric 

boundary layer Clouds, Convection, and the Hydrologic Cycle, Condensation, precipitation, and 

convection, Radioactive-convective equilibrium, Distribution of precipitation and evaporation, 

Cloud radiation effects. Atmospheric Circulation: Pole ward energy transport and the general 

circulation, Mean flows, steady eddies, and transients, Atmospheric water transport and 

conversions. The Oceans and climate: The Ocean’s mixed-layer, stability, and the 8hermos dine, 

Wind-driven circulation: geotropic currents. Sverdrup balance, Thermohaline circulation, Air-sea 

interaction and El Niflo Natural Climate Variability: Climate Sensitivity and Feedback Processes, 

Climate Forcing vs Internal Variability, Climate variability, Paleoclimates Modern Climate 

Change and Climate Modeling: Radioactive forcing and global warming, the observational record, 

Climate models and simulations of future climates  

PRACTICAL  

1. Use of different software like AquaCrop,  

2. CLIGEN, WGEN, and DSSAT for studying the effect of changing climate.  

3. Measurement of different growth and development parameters.  



4. Recording of minimum data set of a crop for running models. 

 

RECOMMENDED TEXT BOOKS  

1. Robinson, P.J., and Henderson, A., 2007. Contemporary climatology, Longman, USA 

Hartmann, D.L., 2004. Global Physical Climatology, Academic Press, USA.  

2. Holron, 1.R., 2004. An Introduction to Dynamic Meteorology, Fourth Edition, El severe 

Acdemic Press, USA.  

3. Griffin, J.M., 2003. Global climate change, Edward Elgar Publishing Ltd, USA. 

 

I&D-708 RESOURCES CONSERVATION ENGINEERING  (3-0) 

Introduction to Soil Erosion Problems in Pakistan. Barani Zones of Pakistan. Land Capabilities 

and Existing Management Practices to Control Soil Erosion in the Barani Zones. Modes of 

Erosion, the Mechanics of Erosion, Concepts of Fluid Flow, Rainfall Energy, the Erosivity of 

rainfall, the Prevention and Control of Water Erosion by Mechanical and agronomic Methods. 

Numerical Estimation of erosion Losses, Erosion Equations, Sediment Measurements, Erosion 

Modelling (use of recent models e.g. AGNPS). Water Conservation Structures: Temporary and 

Permanent Structures. Types of Dams (Small Dams, Notting Dams, Brushwood Dams, Long 

Dams, Gabion Dams), Design of Dams, Factor Affecting Design of Dams. Functional 

Requirements and Design of Drop Spill Ways, Chutes, Pipe Spill Ways. Sediment Control 

Methods: Watershed survey, land treatment measures for watershed protection, stream channel 

improvement and stabilization, channel design, desilting works, design of desilting works. 

Sediment Yields: Surface flow conditions, sediment sampling, sediment yield empiricisms.  

RECOMMENDED BOOKS  

1. Rice, S.P. 2008. Modelling Hydraulics and Sediment Transport at River Confluences. 

Publisher: John Wiley & Sons, Ltd. American Society of Civil Engineers. 2006. 

2. Sedimentation Engineering, V.A. Vanoni (Editor). ASCE manuals and reports on 

engineering practice, no. 54. Manual of Engineering Practices No. 54.19, 5.  

3. D. D. Fangmeier, W. J. Elliot, S. R. Workman, R. L. Huffman and G. 0. Schwab. 2005. 

Soil and Water Conservation Engineering, 5th ed., Delmar Cengage Learning, USA. 

 

I&D-709    PLANNING AND DESIGN OF IRRIGATION SYSTEMS 3(2-1) 

Introduction: Existing water resources of Pakistan, resource development potentials of irrigation 

water in Pakistan, irrigation system and management infrastructure, water allocation, 

Fundamentals of Irrigation System Design: Review of soil-water relations, types of irrigation 

systems, selecting an irrigation system, irrigation system design variables and irrigation system 

performance. Surface and Pressurized Irrigation System Design: Volume Balance Design; 



Concept of volume balance; system design objectives, design of surface irrigation systems, 

limitations of volume balance design. Soil Conservation Service (SCS) Design: Basis for SCS 

design procedures, designs of surface irrigation systems, limitations of SCS design. Hydrodynamic 

and Zero-Inertia Models Based Design; Interpretation of dimensionless design variables, designs 

of surface irrigation systems, comparisons of irrigation systems design approaches. Pressurized 

Irrigation Systems; Types of drip and sprinkler systems, system layouts, lateral design, mainline 

design, minor losses along mainline and laterals, pumping systems, pressure requirements, drip 

and sprinkler system management and scheduling. Planning Design and Operation of Irrigation 

Projects: Objectives, planning stages, data requirement, inventory of available resources, irrigation 

system requirements, environmental and social considerations in planning, engineering 

alternatives. Project Design; Field and project supply schedules, design and operation of supply 

system, layout and alignment of canals, canal command and farm considerations, cost components, 

economic analysis, Operation and maintenance; constraints and solution alternatives, training 

needs, maintenance requirements, improvement potentials in operation and maintenance.  

PRACTICAL  

1. Field design, layout and evaluation of surface irrigation systems  

2. Design, layout and evaluation of sprinkler and drip irrigation systems  

3. Use of WinSrfr computer software for the design and evaluation of different irrigation 

methods  

4. Case Studies of Irrigation Projects: Examples from Pakistan and abroad to familiarize the 

students with real world systems.  

 

RECOMMENDED TEXT BOOKS  

1. Laycock, A. 2007. Irrigation Systems: Design, Planning and Construction. Cabi Publications. 

ISBN: 1845932633.  

2. Glenn J. H. 2007. Design and Operation of Farm Irrigation Systems, Second Edition. ISBN 

1- 892769-64-6  

3. R. D. Bliesner and J. Keller. 2001. Sprinkle and Trickle Irrigation. The Blackburn Press, 

Canada. ISBN-10: 9781930665194 

 

I&D-710  COMPUTATIONAL HYDRAULICS   3(2-1) 

 

Flow resistance, computation of uniform, non-uniform, critical and gradually varied flow. Analysis 

of flow profiles. Hydraulic jump and energy dissipation. Normal depth in compound channel. 

Channel design. Rapidly varied flow computation. Characteristic of flow over, weirs, visualization 

of hydraulic jump, flow over spillway, ogee weir, flow around piers. Flow in converging and 

diverging channel section. 



Unsteady flow. Height and celerity of surge waves. Derivation St. Venant equations and 

Boussinesq equations, Navier Stokes equations for unsteady flow. Method of characteristics, Finite 

different methods. Stability of numerical methods. Explicit finite different schemes, implicit finite 

difference schemes, initial and boundary conditions. Numerical 11odelling for unsteady flow. 

Channel network analysis. Two dimensional (2-D) free surface flow. Shallow water wave, 

kinematic wave theory, diffusion wave theory. Supercritical and split flow analysis. Hydraulic 

flood routing, floodway and channel improvement analysis. 

 

PRACTICALS 

 

1- Use of HEC-RAS for calculation of Water Surface profile for steady and unsteady flow 

 

RECOMMENDED BOOKS 

 

1. Chaudhry,   M.H. 2007, Open Channel Flow. Springer Verlag Publisher 

2. Chow, V.T., 2009, Open Channel Hydraulics, McGraw –Hill Publishing company 

3. Subramanya,   k. 2009, Flow in Open Channels, Tata McGraw –Hill Publishing company 

Ltd .New Delhi, India.  

4. Chaudhry,   M.H   1999. Applied Hydraulic Transients.  Van  Nostrand  Reinhold 

company, New York. 

5. Chanson, H., 1999, Hydraulics of Open Channel Flow: An Introduction. Butterworth-

Heinemann Publisher 

 

I&D-719   Seminar-I      1(0-1) 

Each PhD student in Irrigation and Drainage will take seminar of one credit during his 

program of studies on current issues or special topics. The topic of the seminar must be 

selected in consultation with his major supervisor.  

I&D-720   Seminar-II      1(1-0) 

Each PhD student in Irrigation and Drainage will take seminar of one credit during his 

program of studies on current issues or special topics. The topic of the seminar must be 

selected in consultation with his major supervisor.  

 

  



2. FARM MACHINRY AND ENERGY (FME)  

Sr.No. Course No. Name of Course Credit Hours 

1 FME-701 Advanced Power and Machinery 3(2-1) 

2 FME-702 Experimental Stress Analyses 3(2-1) 

3 FME-703 Operation Research 3(2-1) 

4 FME-704 Thermal Air-Conditioning Engineering 3(2-1) 

5 FME-705 Grain Storage and Processing 3(2-1) 

6 FME-706 Design Analysis of Agricultural Machinery 3(2-1) 

7 FME-707 Modeling of Agricultural Machinery 3(2-1) 

8 FME-708 Energy System Engineering 3(2-1) 

9 FME-709 Psychrometric Renewable Energy Systems 3(2-1) 

9 FME-719                        Seminar-I 1(0-1) 

10 FME-720                        Seminar-II 1(0-1) 

11 FME-721 Research & Thesis  

  

 

FME- 701                  ADVANCED POWER AND MACHINERY    3(2-1) 

 

Development of Farm Machinery: History of tillage, systems of farming, developments during 

different centuries, design of plows, important inventions 

Design of Machinery: Design process, creative design, theory of creativity, new designs, redesign 

of machines, role of companies in research and design, use of computers in machine design. 

Tractor Mechanics: Mechanics of tractor operating on a yielding soil dynamic weight transfer. 

Similitude in Tillage: Dimensional analysis, selection of variables, tillage tool models, soil bins, 

true and distorted models. 

Separation Techniques: Mechanism of separation (mechanical) pneumatic manual, electronic 

and fluid separation, size differences, shape differences, density differences, seed sorter, sorting 

and separation of fruits and vegetables from stone and dirt, size grading drag forces suspension 

velocities, separation of potatoes from stones and dirt, separation of animal waste fro foreign 

materials, separation in combine harvesters, conveyers and elevators. 

Metering Devices: Design parameters, fluid meter, metering systems used in agricultural 

machines (such as sprayers, planters, fertilizer spreaders), metering devices for silage, hay, 

manure, finely ground feed. 

Design and Development of Farm Machinery: Use of above principles and concepts in the 

design and development of tillage implements, planting and fertilizing equipment, plant protection 

equipment and harvesting machinery. 

 

RECOMMENDED BOOKS  

1. CIGR Handbook of Agricultural Engineering: Information Technology, Jan 30, 

2006. 

2. Cigr Handbook of Agricultural Engineering, April 1998 

http://www.amazon.com/CIGR-Handbook-Agricultural-Engineering-Information/dp/1892769549/ref=sr_1_3?ie=UTF8&s=books&qid=1232430164&sr=8-3
http://www.amazon.com/Cigr-Handbook-of-Agricultural-Engineering/dp/9999722717/ref=sr_1_5?ie=UTF8&s=books&qid=1232083007&sr=8-5


 

FME – 702   EXPERIMENTAL STRESS ANALYSIS   3(2-1) 

Stresses and Strains: Stress at a point, State of stress, two and three dimensional stresses, stress 

equation of equilibrium, principal planes, principal stresses, strain state of a strain, normal strains, 

shearing strains. 

Stress Coatings: Biaxial stress, calibration of brittle coating, stress in curved beams, types of 

coatings, coating curve, selection. 

Strain Gauge Circuits: Potentiometer circuit, temperature compensation, wheat-stone bridge, 

null balance bridge, Wheatstone bridge sensitivity application. 

Photoelasticity: Wave length, wave plate plane polariscope, white light, circular polariscope, 

refrigerants coating technique.  

BOOKS RECOMMENDED 

1. Dally, J.W. and riley, W.F., 2005. Experimental stress analysis. McGraw Hill Book 

Company, New York. 

 

FME-703    OPERATIONAL RESEARCH    3(2-1) 

 Introduction: The meaning and nature of operational research, the prototype problems, modes 

of management and control. 

 

Problem Formulation: The nature of a problem, types of problems, measurement of efficiency, 

measurement of utility. 

 

Operational Research Techniques: General linear programming and applications, allocation 

problems, the assignment and distribution of resources, net works, critical paths, minimal routes 

and application, inventory and stock controls, basic models, waiting line theory and applications, 

simulation, other operational research techniques. 

 

RECOMMENDED BOOKS 

1. Operations Research: A Practical Introduction (The Operations Research Series) by 

Michael W. Carter and Camille C. Price Jul 28, 2000 

2. Schaum’s Outline of Operations Research by Richard Bronson and Govindasami 

Naadimuthu (Paperback – Jul 1, 1997) 

3. Operations Research: An Introduction (8th Edition) by Hamdy A. Taha, April 4, 2006  

 

 

http://www.amazon.com/Operations-Research-Practical-Introduction/dp/0849322561/ref=sr_1_26?ie=UTF8&s=books&qid=1232084502&sr=8-26
http://www.amazon.com/Schaums-Outline-Operations-Research-Richard/dp/0070080208/ref=sr_1_1?ie=UTF8&s=books&qid=1232429425&sr=8-1
http://www.amazon.com/Operations-Research-Introduction-Hamdy-Taha/dp/0131889230/ref=pd_bbs_sr_1?ie=UTF8&s=books&qid=1232429323&sr=8-1


 

FME-704  THERMAL AIR-CONDITIONING ENGINEERING  3(2-1) 

Thermal Air-Conditioning: Principle, Air Psychrometrics, Thermodynamics Comparison with 

Refrigeration Cycles, Heat Transfer, Mass Transfer (Heat, Air, and Moisture Control) 

Indoor Environmental Quality: Agriculture and Livestock Applications: Thermal Comfort, 

Indoor Environmental Health, Temperature and Humidity Requirements 

Low-Cost Thermal Air Conditioning Options: Prospective and Technological Overview for 

Pakistan 

Thermal Compressors: Fundamentals, applications, scope in agricultural engineering, and 

Pakistan overview 

Passive Air-Conditioning: Fundamentals, applications, scope in animal housing and farm 

buildings  

Open And Close Cycle Adsorption And Absorption System: Fundamentals, applications, and 

scope in agriculture engineering, Pakistan’s prospective and challenges 

Close Cycle Adsorption And Absorption System: Fundamentals, applications, and scope in 

agriculture engineering, Pakistan’s prospective and challenges  

Desiccant Air-Conditioning (Open-Cycle): Fundamentals, applications, scope and limitations in 

various cities of Pakistan 

 Adsorption Cooling (Close-Cycle): Fundamentals, scope in agriculture, benefits, and 

thermodynamic limitations  

Heat Exchangers: Role in Open and Close cycle adsorption and absorption air-conditioning 

techniques, limitations, scope in agriculture  

Associated Components: Hybrid Systems; Ejector Air-Conditioning; Solar Thermal Energy 

Utilization; Waste Heat Utilization; Bio Gas and Biomass Utilization; Energy Storage Processes 

 

PRACTICALS:  

1. Determination of sensible and latent load of air-conditioning for livestock and associated 

industry using psychrometric analysis for various climatic cities 

2. Estimation and application of water vapor adsorption equilibrium and kinetics using 

ingenious low-cost agriculture based adsorbents 

3. Optimization of switching time and regeneration temperature for efficient utilization of 

desiccant air conditioning system 

4. Determination of thermodynamic limitation of conventional hydrophilic adsorbent (i.e. 

silica-gel) particularly in agricultural applications 

5. Determination of IUPAC water vapor adsorption equilibrium types for various 

indigenous adsorbents and their corresponding significance in agriculture sector of 

Pakistan 

6. Cost estimation and modelling of three different kind of air-conditioning techniques for 

Pakistan agriculture  

7. Feasibility analysis of solar thermal and solar photovoltaic energy options for Pakistan  



 

RECOMMENDED BOOKS 

1. Principles of Adsorption and Adsorption Processes  (1984) by Douglas M. Ruthven 

2. Solar Engineering of Thermal Processes (1991) by John A. Duffie and William A. 

Beckman 

3. Fundamentals of Thermo-photovoltaic Energy Conversion (2007) by Donald L. Chubb 

4. Handbook of Energy Engineering (Sixth Edition) by Albert Thumann and D. Paul Mehta 

5. ASHRAE (2005) -Fundamentals 

6. ASHRAE (2006)- Refrigeration 

7. ASHRAE (2007)- HVAC applications 

8. ASHRAE (2008)- HVAC Systems and Equipment 

 

 

FME-705  GRAIN PRESERVATION AND PROCESSING   3(2-1) 

 

Introduction: industrial processes, value addition, structure and composition of food grains and  

fruits,  engineering  properties  of  agricultural  materials  -  physical,  mechanical  and  thermal 

properties.   

Pumps:  types  of  pumps  used  in  the  industries,  pump  selection,  pump  laws  and 

performance, viscosity effects. Fans: Classification as to type and design of fans, fan theory, fan  

performance,  factors  affecting  fan  selection,  general  performance  and  laws,  fans  in  series  

and parallel,  compression  effect.   

Material handling and transportation equipment:  Belt conveyors, chain conveyors, bucket 

elevators, pneumatic conveyors, gravity conveyors, augers, and trailer/trucks.  Cleaning,  Sorting  

and  grading:  Grade  factors,  washing  types  and  methods  of  washing, sorting fruits and 

vegetables, types of sorters, cleaning and sorting, grading, nuts and seeds, types of grain 

cleaners/sorters, aerodynamics of small Practical, types of separators, machine vision and its 

applications in grading.  

Size reduction: Size reduction and screen analysis of solid foods, Types of size reduction mills; 

fineness modulus, value of ground feed, size relationships, energy requirements,  size  reduction  

procedures,  reducing  devices,  performance  and  characteristics  of size reduction devices, 

mixing and  types of mixers.  

Drying: Drying and dehydration, moisture content determinations; primary methods, equilibrium 

moisture content, drying processes, constant rate period, falling rate period, falling rate drying 

mechanism, dynamics of equilibrium moisture content, effect of temperature upon the rate of 

drying, effect of air rate upon the rate of drying, heat and mass balance limitation of the drying 

equipments, calculations, types of driers, psychometric chart.  



PRACTICAL 

1.  Determination of internal friction and angle of repose.  

2.  Measurement of bulk density of grains;  

3.  Measurement of grain moisture content by oven method and moisture meter;  

4.  Selection of fans for aeration of bin.  

5.  Calculation of Fineness modulus of wheat flour;  

6.  Demonstration of sieves used for cleaning/grading;  

7.  Carrying out screen analysis of milling/grinding equipment;  

8.  Study of Psychometric chart to calculate heat transfer during aeration/drying;  

9.  Study of dehydration characteristics of fruits/vegetable by moisture content vs.  time  

     Curve and drying rate vs moisture content curve;  

10.  Visit to cold storage facilities;  

11.  Study tour to visit agricultural processing units and plants.  

 

RECOMMENDED BOOKS 

1.  Dabhi,  M.N.  and  N.K.  Dhamsaniya.  2008.  Agricultural  Process  Engineering.  Agrotech 

Publishing Academy, India.  

2.  Hanlon, J. F. 1992. Handbook of packaging engineering. 2nd ed. John Willey and Sons,  

     N.Y., USA.  

3.  Henderson, S.M. 2010. Agricultural Process Engineering. The AVI Publishing Company,  

     Inc. Westport, Connecticut. USA.  

4.  Myler, H. R. 1999. Fundamentals of machine vision. Prentice Hall of India, New Delhi.  

5.  Pandey,  H.  H.  K.  Sharma,  R.  C.  Chauhan,  B.  C.  Sarkar  and  M.  B.  Bera.  2004.  

6.  Experiments in food process engineering. CB.SC. Publishers and distributers, New Delhi,  

     India  

1. Sahay, K. M. and  K. K. Singh. 2002. Unit operation of agricultural processing (2nd ed).  

      Vikas Publishing House, New Delhi, India.  

2. Toledo,  R.T.  2006.  Fundamentals  of  Food  Process  Engineering.  Food  Science  Text  

     Series. 

 

FME-706   Design Analysis of Agricultural Machinery  3(2-1) 

Overview: Agricultural Machinery, Review of Tillage, Planting, Harvesting And Processing 

Machinery used in agriculture, Energy and cost estimation of agricultural machinery,  needs of 

improvement in agricultural machinery .   

Basic Procedure of Machine Design, Design of Machine Element, Sources of Design Data, 

Economic Considerations of Design, Manufacturing consideration in design properties of 

Engineering Material, Design of Machine parts 



Finite Element in Analysis and Design (FFA): Application of FEA in Agricultural Engineering 

Finite element Method, element geometrics. Finite element solution process, Stress analysis. 

Working in the ANSYS Workbench, Explicit Dynamics, Modeling of granular solids with 

computational homogenization, Comparison with Biot׳s theory 

Computational Fluid Dynamics: Introduction to computational fluid dynamics Application of 

CFD in tillage and green houses, software used for CFD. Navier-Stokes equations Basic Fluid 

Flow Analysis Workflow, Overview of ANSYS CFX, Particle tracking, 

Discrete element Modeling:Theory and Application of DEM simulation, Contact models Particle 

size geometric movement and force analyses, Study of parameter for DEM. Introduction to DEM 

sofwares 

PRACTICALS 

1. Work on  workbench, Stress Analyses of tillage  

2. Work on Fluent software and perform analyze for spray nozzle. 

3. Analyses the forces of wide cutting on soil using PFC 2d and 3D  

4. Introduction to EDEM  

5. Coupling of DEM and FEM softwares 

RECOMMENDED BOOKS 

1. Reddy, J.N. (2006). An Introduction to the Finite Element Method (Third ed.). McGra 

Hill. ISBN 9780071267618. 

2. Richard G Bundynas and J. Keith Nisbett, Shingley’s Mechanical Engineering Design (SI 

Units). Ninth Edition. Tata-McGraw Hill Publications Inc. India. 

3. J. Chaskalovic, Finite Elements Methods for Engineering Sciences, Springer Verlag, 

(2008) 

4. Verteeg H K and Malalasekera  W (1995) Introduction to Computation Fluid Dynamics, 

Second Edittion, Longman Scientific and Technical. 

5. Radjai, Farang; Dubois, Frédéric, eds. (2011). Discrete-element modeling of granular 

materials. London: Wiley-ISTE. ISBN 978-1-84821-260-2. 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9780071267618
http://www.iste.co.uk/index.php?f=x&ACTION=View&id=384,
http://www.iste.co.uk/index.php?f=x&ACTION=View&id=384,
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-84821-260-2


FME-707   MODELING OF AGRICULTURAL MACHINERY  3(2-1) 

 

Overview: Basic Procedure of Machine Design, Design of Machine Element, Sources of Design 

Data, Economic Considerations of Design, Manufacturing consideration in design properties of 

Engineering Material, Design of Machine parts 

Finite Element Analyses: Finite element Method, element geometrics. Finite element solution 

process, Mesh generation load, application modeling techniques, vibration analyses. Application 

of FEA in Agricultural Engineering, Stress analysis. 

Computational Fluid Dynamics: Introduction to computational fluid dynamics Application of 

CFD in tillage and green houses, software used for CFD 

Discrete Element Modeling: Theory and Application of DEM simulation, Contact models Particle 

size geometric movement and force analyses, Introduction to DEM sofwares 

PRACTICAL 

1. Introduction to Ansys and workbench, Stress Analyses of tillage  

2. Introduction to Fluent software. 

3. Introduction to PFC 2d and 3D  

4. Introduction to EDEM  

5. Coupling of DEM and FEM softwares 

RECOMMENDED BOOKS: 

1. Reddy, J.N. (2006). An Introduction to the Finite Element Method (Third ed.). McGra 

Hill. ISBN 9780071267618. 

2. Richard G Bundynas and J. Keith Nisbett, Shingley’s Mechanical Engineering Design (SI 

Units). Ninth Edition. Tata-McGraw Hill Publications Inc. India. 

3. J. Chaskalovic, Finite Elements Methods for Engineering Sciences, Springer Verlag, 

(2008) 

4. Verteeg H K and Malalasekera  W (1995) Introduction to Computation Fluid Dynamics, 

Second Edittion, Longman Scientific and Technical. 

5. Radjai, Farang; Dubois, Frédéric, eds. (2011). Discrete-element modeling of granular 

materials. London: Wiley-ISTE. ISBN 978-1-84821-260-2. 

 

 

 

 

https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9780071267618
http://www.iste.co.uk/index.php?f=x&ACTION=View&id=384,
http://www.iste.co.uk/index.php?f=x&ACTION=View&id=384,
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-84821-260-2


FME-708             ENERGY SYSTEMS ENGINEERING           3(2-1) 

Introduction:  History of energy usage, forms of energy, present energy consumption, 

environmental problems, Current status of conventional and renewable energy sources: World and 

Pakistan scenario, energy and power; fossil fuel and nuclear. Learn the fundamentals of energy 

conversion systems. Overview of various types of energy sources (renewable and Non-renewable) 

and its use in the country.  

Energy reclamation from agricultural crops/wastes: Different biomass for energy production, 

Different components and efficiency calculation of biomass fired boilers, Biogas, various types of 

biogas plants. Design, installation, operation and management of fixed dome and floating drum 

biogas plants, Power generation from biogas plants, Concept of CHP in energy production, 

Introduction, types, design, development and evaluation of gasifies for heat and power generation. 

Introduction, different crops for bio fuels, Chemical composition of biodiesel, bio-diesel 

production in laboratory and at commercial scale. 

Solar Energy: Solar system, available solar energy and the local and national needs, solar 

engineering applications, emerging technologies. Understand the interdisciplinary approach for 

designing stand-alone PV systems, predicting performance with different systems, Implementing 

design with cost analysis. Gain system engineering expertise related to photovoltaic energy 

conversion: generation, storage, and grid connection processes for residential and industrial 

applications, and Learn how to advance the current technology of the solar energy systems for 

making the process economical, environmentally safe and sustainable. Be able to serve industries 

or academia involved in sustainable energy engineering., solar radiation, basic earth-sun angles, 

time derived solar angle, estimation of solar radiation, radiation measurements, solar radiation 

collectors, various uses of solar energy in domestic/agriculture, solar energy conservation 

General Introduction : Hydropower potential, Concept of Modern Hydro Power Plant , Location 

/Site Selection, Plant Layout, Power Plant Safety Reservoir, Dams & Tunnels etc. Constructional 

details and basic principles of Hydro-mechanical equipment, Hydrology & Hydro – Electric Power 

Plants- Hydrographs – Flow duration curve – Mass curve & storage. Site selection for 

hydroelectric power plants. Design Construction & Operation of Hydro-Electric Power Plants- 

Components Advantages & Disadvantage of under-ground power station Turbine and auxiliaries, 

Construction and working principles of various types of Valves and Pumps and Hydraulic System. 

Nuclear Energy: Role and importance of nuclear energy, Particle wavelength, Excited states and 

radiation, Nuclear stability and radioactive decay, Nuclear reaction, Binding energy, Radioactive 

decay, Interaction of radiation with matter 

Wind energy: Wind energy potential in the country. Application of wind energy General 

characteristics of wind resources, wind data analysis and resource estimation, wind turbine energy 

production estimation methods, Wind measurement and instrumentation, Principal Wind Turbine 

Components and their functions. Spacing of the Towers. Horizontal Axis Versus Vertical Axis 



wind turbines. One-dimensional Momentum Theory 74 and the Betz Limit. Wake Rotation in 

HAWT, Aerodynamic of Horizontal Axis Wind Turbine- Airfoil Aerodynamics, flow over an 

Airfoil, Airfoil Behavior, Airfoil Flow Regime, Airfoil for Lift and Drag Machines. Blade design, 

Momentum and Blade Element Theory, Stresses due to Blade Weight and centrifugal force, Blade 

Natural Frequencies. Blade Shape for Ideal Rotor. (Domestic / agriculture). Importance of vertical 

and horizontal axis for wind mills, wind operated pumps for water lifting. 

PRACTICALS 

1. Estimation of energy requirements for major crops. 

2. Performance/ evaluation of biogas plants 

3. Estimation of solar and wind energies 

4. Study of different types of solar dryers 

5. Demonstration of impulse and reaction turbines model, power calculation from hydel 

turbine, Visit to Hydel power plant. 

6. Performance/evaluation of wind mills. 

7. Analysis of engine performance for energy conservation. 

8. Measurement of energy contents in diesel, biomass, and vegetable oil with calorimeter. 

 

BOOKS RECOMMENDED 

1. Sorensen, B. 2004. Renewable Energy. 2004. Elsevier Academic Press, UK 

2. Singh, M. P. 2005. International Encyclopedia of energy. DAYA Publishing House, 

Dehli, India 

3. Board, N.Handbook on biogas and its application. National Institute of Industrial 

Research, Dehli, India 

4. Pimentel, D. 1993. Hand Book of Energy Utilization in Agriculture. CRC Press Inc. 

Florida, USA. 

5. Rai.  G.  D.  2001.  Solar  energy  utilization.  Khanna  Publishers,  N.  Dehli, India 

6. Kalogirou, S.A. 2009. Solar Energy Engineering: Processes and Systems. 1st Ed. British 

Library. ISBN 978-0-12-374501-9. Printed in USA.  

7. Manwell, J.F., J.G. McGowan. And A.L. Rogers. 2009. Wind Energy Explained, Theory, 

design and application, 3rd Ed. John. Wiley and Sons, U.K.  

8. Tong, W. 2010. Wind Power Generation and Wind Turbine Design, 1st Ed. WIT Press, 

USA. 

9. Black and Veatch. 1995. Power Plant Engineering, 1st Ed. Springer Publishers. 

10. Duffie, J.A. and W.A. Beckman. (latest). Solar Engineering of Thermal Processes, 2nd 

Edition, John Wiley & Sons. 

 

 

 

 

 

 

 



FME-709   Psychrometric Renewable Energy Systems  3(2-1) 

OBJECTIVE: To understand and to apply the Psychrometric Renewable Energy in various 

energy recovery and HVAC systems  

CONTENTS: 

Psychrometric Energy: Definitions, Thermodynamic conception, renewable energy 

conceptualizations, Dry-bulb, Wet-bulb, Sub Wet-bulb temperatures, absolute and relative 

humidity, Specific enthalpy  

Psychrometric Energy utilization systems: Direct evaporative cooling, Indirect evaporative 

cooling, Dew point evaporative cooling, Wet-bulb effectiveness, Dew-point effectiveness, 

Cooling capacity, Advances in evaporative cooling heat and mass exchangers design, Single 

stage, Multi Stage, Design optimization of evaporative cooling systems, Chilled ceiling and 

displacement ventilation  

HVAC approach and hybrid systems: Psychrometric Energy in HVAC, Humidity limitations, 

Hybrid Systems and applications  

• sorption assisted evaporative cooling systems 

• Membrane based evaporative cooing systems 

• Conventional vapor compression based evaporative cooling systems 

• Climatic zoning 

• Solar energy operated hybrid systems 

 

Condensers and Cooling Towers: Energy recovery, Novelty in evaporative cooling techniques, 

Energy and exergy analysis,  

• Air and water cooled condenser  

• Maisotsenko Condenser 

• Conventional Cooling towers  

• Maisotsenko Cooling towers 

 

Power Turbines: Energy recovery, Advancement in Psychrometric renewable energy, : 

Evaporative cooling conception in power turbines,  

• Humid Air Turbine Cycle 

• Air Bottoming Cycle  

• Sub-Atmospheric Brayton Cycle  

• Compressor based System  

• Ejector based System D 

 

PRACTICALS: 

• Field visits to poultry farm from the prospective of HVAC systems 

• Maisotsenko cycle based cooing system design for animal air-conditioning 

• Design of cooling towers for agricultural products storage  



Recommended Books: 

 

1. Refrigeration (2017) Edited by Orhan Ekren, ISBN 978-953-51-3498-5, Print ISBN 978-

953-51-3497-8, 152 pages, Publisher: InTech, DOI: 10.5772/65998. 

2. Handbook of Thermal Science and Engineering (2017) by F.A. Kulacki (ed.), Springer 

International Publishing AG, DOI 10.1007/978-3-319-32003-8_22-1 

3. Evaporative Air Conditioning Handbook, 3rd Edition (1997) ISBN-13: 978-0137485192 

ISBN-10: 0137485190 by John R. Watt and Will K. Brown. 507 pages. Prentice Hall 

Publisher.  

4. Modern Refrigeration and Air Conditioning, 19th Edition (2013) 1488 pages, Goodheart-

Willcox Publisher. ISBN-10: 1619601990, ISBN-13: 978-1619601994 

5. ASHRAE (2005) -Fundamentals 

6. ASHRAE (2006)- Refrigeration 

7. ASHRAE (2007)- HVAC applications 

8. ASHRAE (2008)- HVAC Systems and 

 

 

FME-719    Seminar-I      1(0-1) 

Each PhD student in Farm Machinery and Energy will take seminar of one credit during his 

program of studies on current issues or special topics. The topic of the seminar must be 

selected in consultation with his major supervisor.  

FME-720   Seminar-II      1(1-0) 

Each PhD student in Farm Machinery and Energy will take seminar of one credit during his 

program of studies on current issues or special topics. The topic of the seminar must be 

selected in consultation with his major supervisor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  



3. STRUCTURES AND ENVIRONMENTAL ENGINEERING (SEE) 

 

Sr.No. Course No. Name of Course Credit Hours 

1 SEE-701* Physico-Chemical Processes for Water & 

Wastewater Treatment 

3(2-1) 

2 SEE-702 Water Pollution Control Engineering 3(2-1) 

3 SEE-703 Biological Wastewater Engineering  3(2-1) 

4 SEE-704 Ecological Engineering for Waste Management

  

3(2-1) 

5 SEE-705 Engineering Creativity 3(2-1) 

6 SEE-706 Contaminant Transport 3(2-1) 

7 SEE-707 Theory and Design of Structures 3(2-1) 

8 SEE-708* Water and Wastewater Treatment Plant Design  3(2-1) 

9 SEE-709 Environmental Impact Assessment-Case Studies 3(2-1) 

10 SEE-710 Modern Farm Structures 3(2-1) 

11 SEE-719                        Seminar-I 1(0-1) 

12 SEE-720                        Seminar-II 1(0-1) 

13 SEE-721 Research & Thesis  
*Course Content of SEE-701 & SEE-708 are updated by BoS in its meeting held on 26-05-2022 

 

SEE-701 Physico-Chemical Processes for Water &  Wastewater Treatment 3(2-1) 

Contact Hours 

Theory    = 30 

Practical = 30 

Total       = 60 

Physico-Chemical Processes for Water & 

 Wastewater Treatment 

SEE-701   

PhD Agricultural Engineering 

Credit Hours 

3(2-1) 

Theory    = 2.0 

Practical = 1.0 

Total       = 3.0 

 

Course Learning Outcomes  

Upon successful completion of the course, the student will be able to: 

CLO Statement 

CLO1 Understanding of source of different pollutant in surface and sub-surface waters and 

wastewater and its treatment using Physico-chemical process 

CLO2 Assessing the conventional and advanced treatment process and its designing and 

modification to enhance its efficiency 

CLO3 Use various unit operation and Physico-chemical process for treatment of emerging 

contaminant found in our environment 

 

Course Contents 

Overview of Water and Wastewater Treatment 



a. Need of Water and Wastewater Treatment 

b. Water and Wastewater Constituents of Interest 

c. Water and wastewater quality standards, Laws  

d. Levels of Wastewater Treatment 

e. Unit Operations and processes used to remove the constituents of Interest found in Water and 

Wastewater 

f. Reactors used for wastewater treatment (Batch, completely mixed, plug flow) 

Physical Unit Operations 

Screening; Grit removal, Comminutors, Macerators, Course solids reduction, Flow equalization, 

Gravity separation theory, settling types, Clarifiers design, Physical Unit Processes: Primary 

sedimentation, Mixing and flocculation, High rate clarification, Vortex separators, Flotation, 

oxygen transfer, Aeration systems, removal of VOCs, New Approaches for Primary Treatment 

Chemical Unit Processes 

Role of Chemical Unit Processes in Wastewater Treatment; Applications of Chemical Unit 

Processes; Fundamentals of Chemical Coagulation; Particle Destabilization and Aggregation with 

Polyelectrolyte’s; Particle Destabilization and Removal with Hydrolyzed Metal Ions; Chemical 

Precipitation for Improved Plant Performance; Chemical Reactions in Wastewater Precipitation; 

Chemical Phosphorus Removal; Applications for Conventional Chemical Oxidation; Oxidants 

Used in Chemical Oxidation Processes; Chemical Oxidation of Ammonium; Advanced 

Oxidation; Applications for Advanced Oxidation; Processes for Advanced Oxidation; Advanced 

Oxidation Process Limitations; Photolysis; Chemical Neutralization, Scale Control, and 

Stabilization; Dry Chemical Feed Systems; Liquid and gas Chemical Feed Systems; Initial 

Chemical Mixing 

Disinfection 

Chemistry of Halogenation, Disinfection with Halogens, Chlorine and Chlorination, Disinfection 

System Design, Design and Application Examples 

Dissolved Air Flotation 

Process description, Design, Operation, and Performance, Sampling, Tests, and Monitoring, 

Procedures and Apparatus for Laboratory Dissolved Air Flotation Experiments, Operation and 

Maintenance, Application and Design Examples 

Filtration 

Process description and types, Design, Operation, and Performance, Mathematical Models, 

Design Considerations of Gravity Filters, Application and Design Examples 

Adsorption and Distillation 

Polymeric Adsorption Process Description, Polymeric Adsorption Applications and Evaluation, 

Polymeric Adsorbents, Design Considerations, Distillation Process Description, Distillation 

Types and Modifications, Distillation Process Evaluation, Application and Design Examples 

Granular Activated Carbon Adsorption 

Process Flow Diagrams for GAC Process, Adsorption Column Models, Design of Granular 

Activated Carbon Columns, Regeneration, Factors Affecting GAC Adsorption, Performance and 

Case Studies, Application and Design Examples 

Project Work 

1. Case studies - Scenario analysis with real-world modeling objectives and real datasets 

2. Research Projects 

3. Development of Process Models and Prototype  

4. Visit to Water/Wastewater Treatment Plant 

5. Estimation of Treatment Process Removal Efficiencies 

Teaching Methodology 



Lecturing, Written Assignments/Quizzes, Report Writing, Case studies 

Assessment 

Mid Term, Report writing/Presentation, Assignments, Quizzes, Final Term 

Suggested Readings/Books 

1. Ouyang, W., Chen, T., Shi, Y., Tong, L., Chen, Y., Wang, W., Yang, J. and Xue, J., 2019. “Physico‐

chemical processes”, Water Environment Research. 

2. Xue, J., Guo, B. and Gong, Z., 2018. “Physico‐Chemical Processes”. Water Environment Research, 

90(10), pp.1392-1438. 

3. Goel, S. 2019. “Water and wastewater engineering”. Cambridge University Press. 

4. Eyvaz, M. ed., 2019. “Water and Wastewater Treatment”. 

5. Mackenzie L. Davis, Susan J, Masten 2014. “Principles of Environmental Engineering and Science”. 

McGraw Hill 

6. Metcalf and Eddy, 2013. “Wastewater Engineering: Treatment and Reuse”, 4th ed. McGraw Hill, ISBN:     

McGraw-Hill. 
 

SEE-702  WATER POLLUTION CONTROL ENGINEERING   3(2-1) 

Appraisal and analysis of existing water quality management systems. Water quality monitoring, 

control, and pollution management with special reference to small communities and agriculture. 

Water harvesting, reclamation and reuse. Water reclamation technology and plant performance. 

Advanced treatment processes. Industrial waste survey, design and planning problems. Storage 

and reuse of reclaimed water. Water quality and effluent standards. 

RECOMMENDED BOOKS 

1. Henze, M., Harremoes, P., Jansen, J. C. and Arvin, E. 2002. Wastewater Treatment: 

Biological and Chemical Processes. 3rd Edition. Environmental Engineering Series. 

Springer. Berlin.  

2. Metcalf & Eddy.  (Tchobanoglous, G., Burton, F. L., and Stensel, H. D.) 2003. Wastewater 

Engineering: Treatment and Reuse. 4th Edition. McGraw Hill Inc. Toronto, On. Canada. 

3. Pandey, G.N. and G.C. Carney. 1992. Environmental Engineering. Tata McGraw Hill 

Publishing Company Limited, New Delhi. 

4. Wall, J.D. 1980. Environmental Management Hand Book. Welf Publishing Co., London, 

Tokyo. 

5. Eckenfelder, W.W. 2000 Industrial Water Pollution Control. Mc Graw Hill Publishing 

Company Limited. N.Y. 

 

SEE-703  BIOLOGICAL WASTEWATER ENGINEERING 3(2-1) 

Wastewater characteristics & biological treatment process concepts. Suspended growth biological 

treatment processes, Attached growth and combined biological treatment processes. Anaerobic 

suspended and attached growth treatment processes. Development of the principles of secondary, 

biological treatment processes, with application to both municipal and industrial wastewater 



treatments. Discussion of different treatment process methodology, incorporating both aerobic and 

anaerobic microbiological processes. Anaerobic and aerobic sludge digestion and composting.  

RECOMMENDED BOOKS 

1. Grady, C. P. L., Diagger, G. T., and Lim, H. C. 1999. Biological Wastewater Treatment. 

2nd Edition. Marcel Dekker, Inc. N.Y. Basel. USA. 

2. Water Treatment Plant Design (McGraw-Hill Handbooks) by American Water Works 

Association and American Society of Civil Engineers. May 1, 2004 
3. Henze, M., Harremoes, P., Jansen, J. C. and Arvin, E. 2002. Wastewater Treatment: 

Biological and Chemical Processes. 3rd Edition. Springer. Berlin.  

4. Metcalf & Eddy.  (Tchobanoglous, G., Burton, F. L., and Stensel, H. D.) 2003. Wastewater 

Engineering: Treatment and Reuse. 4th Edition. McGraw Hill Inc. Toronto, ON. Canada. 

5. Eckenfelder, W.W. 2000 Industrial Water Pollution Control. McGraw Hill Publishing 

Company Limited. N.Y. 

 

SEE-704 ECOLOGICAL ENGINEERING FOR WASTE MANAGEMENT 3(2-1) 

Bio Solids Wastes: Sources and types, bio-chemical properties of Wastes. Composition and 

generation rates. Waste handling and storage methods. Waste collection techniques. Transfer and 

transportation means and methods.  

Recycling and Management: Recycling of wastes, Agricultural and Organic by products. Crop, 

livestock and aquatic waste utilization in various industries, Fermentation of by-products and waste, 

Furnaces and boilers run on agricultural wastes and by-products, Generation of electricity using 

surplus biomass. 

Books Recommended 

1. Techobenoglous, G. Hilary Theisen and Samuel Vigil, 1995, Integrated Solid Waste 

Management, McGraw Hill International NY 

 

SEE-705   ENGINEERING CREATIVITY   3(2-1) 

 

Creativity: Definition of creativity, characteristics of creative mind, need for teaching creativity in 

present day society, management of creative personnel, qualities of a good researcher and a research 

manager, creativity in graduate work, field and industry. 

 

Creativity and Patents: Definition of patent, procedure to get protect patents. Safety in design of 

machinery and liability of inventor. Class discussions on creative thoughts. Projects in creativity. 

 

RECOMMENDED BOOKS: 

1. Introduction to Agricultural Engineering Technology: A Problem Solving Approach by 

Harry L. Field and John Solie, Jun 6, 2007 
2. How Children Learn (Classics in Child Development) by John Holt, Sep 3, 1995 

 

http://www.amazon.com/Water-Treatment-Design-McGraw-Hill-Handbooks/dp/0071418725/ref=sr_1_2?ie=UTF8&s=books&qid=1232427587&sr=8-2
http://www.amazon.com/Introduction-Agricultural-Engineering-Technology-Approach/dp/0387369139/ref=sr_1_11?ie=UTF8&s=books&qid=1232429039&sr=8-11
http://www.amazon.com/Children-Learn-Classics-Child-Development/dp/0201484048/ref=sr_1_1?ie=UTF8&s=books&qid=1232429202&sr=8-1


2. Kangas, C. Patrick. Ed. 2004. Ecological Engineering Principles and Practice. Lewise 

Publishers. CRC Press. USA. 

3. Jorgenser, S.E. 2002. Industrial Waste Water Management. Elsevier Scientific Publishing 

Co., USA. 

4. Grundey, K. 1995. Tackling Farm Wastes. Farming Press Ltd. Suffolk, England. 

5. Reviews of Environmental Contamination and Toxicology / Volume 162 by G. W. Ware 

(Hardcover - Jun 4, 1999) 
 

 

SEE-708  Water and Wastewater Treatment Plant Design    3(2-1) 

Contact Hours 

Theory    = 30 

Practical = 30 

Total       = 60 

Water and Wastewater Treatment Plant 

Design 

SEE-708   

PhD Agricultural Engineering 

Credit Hours 

3(2-1) 

Theory    = 2.0 

Practical = 1.0 

Total       = 3.0 

 

Course Learning Outcomes (CLOs) and CLO Mapping 

Upon successful completion of the course, the student will be able to: 

CLO Statement 

CLO1 Understanding and analysis of wastewater treatment processes for removal and 

modification of contaminants in wastewater 

CLO2 Use mass balance, isotherm and kinetic models in basic engineering design calculations for 

wastewater treatment systems 

CLO3 Establish the working knowledge of the design of wastewater treatment systems and have 

the skills to perform a preliminary design of a treatment plant 

Course Outline 

Water/Wastewater Treatment Analysis 

a) Principal constituents of concern in water and wastewater  

b) Laws, regulations and discharge/reuse permits 

c) Analysis and selection of water/wastewater flow rates and constituent loading 

d) Reactor hydraulic, isotherm and kinetic theory in the design of treatment steps in water and 

wastewater treatment plants 

e) Reactors used for wastewater treatment (Batch, completely mixed, plug flow) 

f) Modeling of batch, completely mixed, and plug flow reactors 

g) Reactor hydraulic and kinetic theory in the design of treatment steps in water and wastewater 

treatment plants 

1. Design of Water Treatment Plant 

a) Water Quality Characteristics, Water Treatment Works 

b) Water Treatment Processes: Rapid Mixing, Flocculation, Coagulation, Water Softening, 

fluoridation, Sedimentation, Filtration, Disinfection with Chlorine,  Ozone and UV 

c) Preliminary data required for design of Water Treatment Plant 

d) Planning and design of on-site water treatment systems 

e) Preliminary design of water treatment plants  

f) Design of Water Treatment Cartridges/Small scale Water Treatment Plant 

g) Other Potable Water Treatment Processes and Water Plant Residuals 

http://www.amazon.com/Reviews-Environmental-Contamination-Toxicology-162/dp/0387987959/ref=sr_1_1?ie=UTF8&s=books&qid=1232427248&sr=8-1


h) Water distribution infrastructure. Service reservoirs. Pipe network systems. Leakage. Water 

demand management. 

2. Wastewater Treatment Plant  

a) Planning and design of on-site wastewater treatment systems 

b) Preliminary design of wastewater treatment plants 

c)  Principles and design of aerobic bioreactors 

d)  Conventional wastewater treatment process 

e)  Design of screening chambers, Design of grit and oil removal chamber 

f) Design of flow equalization tank 

g) Design of primary clarifier/sedimentation tank 

h) Design of suspended and attached growth systems 

i) Design of activated sludge treatment plant 

j) Design of extended aeration plants 

k) Design of biological contractor plants 

l) Design of trickling filters 

m) Design of membrane of bioreactors 

n) Design of secondary clarifiers 

o) Design of tertiary treatments; Disinfection, ozonation, nitrification and de-nitrification 

p) Principals of aerobic biological treatments 

q) Design of waste stabilization ponds 

r) Design of aerated lagoons 

s) Principal and design of aeration 

t) Design of constructed wetlands 

u) Design of an aerobic wastewater treatment plants 

v) Reuse options of treated wastewater effluent  

w) WW Sludge Processing and WWT Plant Residuals Management 

3. Process simulation and optimization in water and wastewater treatment 

x) Using Different Software’s and models (ASIM, AQUASIM, BioWin, GPS-X, SIMBA, STOAT, 

WEST, etc) 

4. Decentralized water and wastewater treatment systems 

Project Work 

1) Design Exercises of Water/Wastewater Treatment Plant 

2) Design Projects of Water/Wastewater Treatment Plant 

3) Procedures for acquiring the basic data need for Design 

4) Visit to water/wastewater treatment plant for assessment of Design and operation 

5) Lectures of water/wastewater treatment expert 

6) Use Water/Wastewater treatment process modeling software applications such as , AQUASIM, 

BioWin, GPS-X etc. 

7) Sketch of the followings W/WW TP, labeling all of the parts and explaining their functions. Show 

Treatment Levels, typical removal at each stage and where chemicals are added and residuals 

produced with main design variables. 

i. Primary WWTP 

ii. Activated Sludge WWTP 

iii. Trickling Filter WWTP 

iv. Coagulation WTP 

v. Softening WTP 



Teaching Methodology 

Lecturing, Written Assignments/Quizzes, Report Writing, Case studies 

Assessment 

Mid Term, Report writing/Presentation, Assignments, Quizzes, Final Term 

Suggested Readings/Books 

1. Droste, R.L. and Gehr, R.L., 2018. “Theory and practice of water and wastewater treatment”. John 

Wiley & Sons. 

2. Hendricks, D.W., 2018. “Water treatment unit processes: physical and chemical”. CRC press. 

3. Cheremisinoff, P.N., 2019. “Handbook of water and wastewater treatment technology”. Routledge. 

Metcalf and Eddy, 2013. “Wastewater Engineering: Treatment and Reuse”, 4th ed. McGraw Hill, ISBN: 

McGraw-Hill. 
 

SEE-709 ENVIRONMENTAL IMPACT ASSESSMENT-CASE STUDIES  3(2-1) 

Introduction to EIA: Major issues in the EIA process, The EIA process, EIA in the decision-

making process 

Scoping methods and baseline studies in EIA: Scoping in EIA, Baseline studies in EIA 

Developments in EIA methods: Index approaches, Multi-attribute utility theory, Systems 

diagrams, Simulation modelling, Sound ecological principles: the new approach to EIA 

Uncertainty in EIA: The relationship between uncertainty and EIA-a first glance, Uncertainty 

and EIA-further exploration, Uncertainty in prediction, Uncertainty in the ‘EIA approach 

Environmental impact assessment and risk assessment: learning from each other: Professional 

communities, Prospects for unified analysis, Substance, process and outcomes 

EIA in plan making: The plan-making process, Integration of EIA and plan-making processes, 

Methods for the EIA of plans, Case studies of EIA in plan making 

Monitoring and auditing of impacts: Impact monitoring schemes, Uses of monitoring data, Audit 

studies, The CEMP audit study, Implications of results from EIA audit studies 

The evaluation of assessment: post-EIS research and process development, Organizing 

perspectives, The role and scope of post-EIS evaluation, A strategy for the application of 

research, Retrospect and prospect Training requirements for environmental impact assessment, 

Application of EIA, EIA and International Agencies,  

Different Case studies of EIA 

RECOMMENDED BOOKS 

1. Environmental Impact Assessment: A Methodological Approach by Richard K. Morgan  

May 23, 2008 
2. Morris and Peter. 1995. Methods of Environmental Impact Assessments. University College 

Press, London 

http://www.amazon.com/Environmental-Impact-Assessment-Methodological-Approach/dp/0412730006/ref=sr_1_2?ie=UTF8&s=books&qid=1232428786&sr=8-2


3. Trivedi, P.R. 1992. Environmental Problems Impact Assessment. Ahasheep Publishing 

House, New Delhi. 

4. Environmental Impact Assessment: Practice and Participation by Kevin S. Hanna Sep 8, 

2005. 

 

SEE-710   MODERN FARM STRUCTURE    3(2-1) 

 

Farm structures and Modern farm structures, Types of farms, Planning farm and rural structures, 

Forms of planning, An approach to building planning, Farmstead planning, Safety and fire, 

protection, Project planning and evaluation techniques, Environmental management, Working 

project, Documentation for a building project, Model buildings, Geospatial techniques, Survey of 

a building site, Modern geospatial technologies, Construction materials, Basic mechanics, Basic 

principles of statics, Mechanics of materials, Structural elements and loading, Properties of 

structural sections, Structural design, Design of members in direct tension and compression, 

Design of simple beams, Standard cases of beam loading, Composite beams, Columns, Trusses, 

Frames, Connections, Stability, Retaining walls, Designing for earthquakes, Elements of 

construction, Loads on building components, Footings and foundations, Concrete foundations, 

Walls, Floors, Roofs, Doors, Windows, Stairs and ladders, Electrical installations, Building 

production, The building production process, Methods of construction, Prefabrication, 

Dimensional coordination and standardization, Building legislation, Construction costing, 

Economic feasibility, Tendering, Contracts, Specifications, Progress chart, Inspection and 

control, Safety at building sites, Building maintenance, Livestock housing, Animal behaviour, 

Animal environmental requirements, Cattle housing, Pig housing, Poultry housing, Sheep and 

goat housing, Rabbit housing, Slaughter slabs and slaughterhouses, Rural buildings, Space 

requirements, Family cultural and social requirements, Special requirements of rural dwellings, 

Categories of rural houses, Function and communication schemes, Functional requirements for 

different rooms and spaces, Improvement of existing dwellings, Contemporary farm dwellings, 

Farm workshop facilities, Machinery and implement storage, Fuel and chemical storage, 

Fundamentals of heating and cooling, Heat terminology, Heat transfer, Thermal resistance of 

building components, Rate of overall heat loss or gain from a building, Psychrometry, Moisture 

transmission, Vapour barriers, Heating and cooling loads, Overview of heating, ventilation and 

air-conditioning systems and equipment, Ventilation, Climatic zones, Ventilation process, 

Mechanical ventilation, Ventilation system design: cool climates Cooling, Greenhouses, Heating, 

http://www.amazon.com/Environmental-Impact-Assessment-Practice-Participation/dp/0195419286/ref=sr_1_7?ie=UTF8&s=books&qid=1232428786&sr=8-7


Air quality in greenhouses, Handling semi-perishable and perishable crops, Semi-perishable 

crops, Perishable crops, Grain crop drying, handling and storage, Grain drying, Grain storage, 

Grain-handling equipment, Rural roads, Erosion of earth roads, Road construction, Minor river 

crossings, Vehicle access to farmsteads, External facilities, Fencing, Types of fences, Fencing 

accessories, Animal-handling facilities, Water supply and sanitation, Water requirements: 

quantity and quality, Water storage, Sand dams, Rock catchment dams, Wells, Pumps, Water 

treatment, Open channel flow, Rural sanitation, Waste management, Rural energy, Energy 

sources, Biomass energy, Electricity, Fossil fuels, Hydroelectric power, Cogeneration from 

agricultural industry, Solar energy, Biogas, Wind power, Hybrid power systems, Energy efficient 

rural buildings, Energy audits, Energy economics 

 

RECOMMENDED BOOKS: 

1. Rural Structures in the Tropics. Design and Development, FAO, 2011 Rome 

2. Agricultural Buildings & Structures 1997 by James A. Lindley, James H. Whitaker 

SEE-719    Seminar-I     1(0-1) 

Each PhD student in Structures and Environmental Engineering will take seminar of one 

credit during his program of studies on current issues or special topics. The topic of the 

seminar must be selected in consultation with his major supervisor.  

SEE-720   Seminar-II      1(1-0) 

Each PhD student in Environmental Engineering will take seminar of one credit during 

his program of studies on current issues or special topics. The topic of the seminar must 

be selected in consultation with his major supervisor.  

 

 

 

https://www.amazon.com/James-A.-Lindley/e/B001KCYOFE/ref=dp_byline_cont_book_1
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=James+H.+Whitaker&search-alias=books&field-author=James+H.+Whitaker&sort=relevancerank

