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1. Programme Overview
An interdisciplinary computational specialization progressing from fluid mechanics and numerical methods to meshing, solver practice, turbulence, multiphase/compressible flow, verification/validation and an applied CFD project.
2. Credit and Semester Structure
The Minor comprises six 3-credit courses, one course in each semester from Semester III to Semester VIII, giving 18 additional credits. Each theory course is proposed as L3–T0–P0 unless a practical component is explicitly indicated. Institutions may modify contact-hour distribution, assessment weightage and prerequisite requirements through the prescribed academic approval process.
	Semester
	Course Code
	Course Title
	Credits




SEMESTER III – MINOR301CF
Fluid Mechanics and Heat Transfer for CFD
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Formulate conservation equations for fluid and thermal problems.
Identify flow regimes using dimensionless parameters.
Select appropriate boundary conditions and physical assumptions.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Fluid properties; pressure; viscosity; hydrostatics; kinematics; conservation of mass; momentum and energy.
	9
	CO1

	II
	Laminar/turbulent flow; internal/external flow; boundary layer; separation; dimensional analysis; Reynolds/Prandtl/Nusselt numbers.
	9
	CO1,CO2

	III
	Conduction; convection; radiation; thermal boundary layers; heat exchangers; conjugate heat transfer.
	9
	CO1,CO3

	IV
	Compressible flow basics; Mach number; stagnation properties; nozzles; shocks; rotating flows overview.
	9
	CO2,CO3

	V
	Problem idealization; assumptions; initial/boundary conditions; model selection; engineering approximations and limitations.
	9
	CO2,CO4


Course Outcomes
Formulate governing equations for common CFD problems.
Identify flow regimes and important dimensionless groups.
Select appropriate thermal and fluid models.
Set suitable boundary and initial conditions.
Assess modelling assumptions before simulation.
Suggested Practical / Field / Software Work
Pipe-flow pressure-drop calculation.
Boundary-layer parameter estimation.
Heat-transfer coefficient calculation.
Nozzle-flow calculation.
Formulate a CFD-ready problem statement.
Reference Books / Standards / Digital Resources
Frank M. White, Fluid Mechanics, McGraw-Hill.
Yunus A. Çengel and John Cimbala, Fluid Mechanics.
J. P. Holman, Heat Transfer.
J. D. Anderson, Fundamentals of Aerodynamics.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
NPTEL Courses Portal - Fluid Mechanics - Current NPTEL course catalogue for Fluid Mechanics foundations supporting conservation laws, flow regimes and heat transfer.
Applied Computational Fluid Dynamics - IIT Kanpur - CFD fundamentals, compressible-flow computation, discretization, stability/convergence, RANS, turbulence modelling and LES/DNS.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER IV – MINOR401CF
Numerical Methods and CFD Fundamentals
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Understand discretization and numerical error.
Compare finite-difference, finite-volume and finite-element concepts.
Understand pressure-velocity coupling and iterative solution.
Assess convergence, stability and numerical error.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Numerical error; truncation; round-off; consistency; stability; convergence; conditioning; iterative vs direct methods.
	9
	CO1

	II
	Finite difference; finite volume; control-volume integration; finite-element concept; conservation.
	9
	CO1,CO2

	III
	Discretization of diffusion and convection; central/upwind/higher-order schemes; numerical diffusion.
	9
	CO2,CO3

	IV
	Pressure-velocity coupling; SIMPLE-family methods; linear solvers; under-relaxation; residuals.
	9
	CO3,CO4

	V
	Grid convergence; time-step independence; numerical uncertainty; verification benchmarks and best practices.
	9
	CO4,CO5


Course Outcomes
Explain fundamental numerical properties of CFD schemes.
Compare major discretization approaches.
Configure iterative solution strategies.
Diagnose convergence and numerical errors.
Apply basic numerical verification.
Suggested Practical / Field / Software Work
Implement finite-difference solution of 1-D diffusion.
Solve a simple 2-D potential-flow problem.
Compare upwind and central-difference schemes.
Study iterative convergence.
Perform grid and time-step independence.
Reference Books / Standards / Digital Resources
J. D. Anderson, Computational Fluid Dynamics: The Basics with Applications.
H. K. Versteeg and W. Malalasekera, An Introduction to Computational Fluid Dynamics.
C. Hirsch, Numerical Computation of Internal and External Flows.
S. V. Patankar, Numerical Heat Transfer and Fluid Flow.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Foundation of Computational Fluid Dynamics - IIT Madras - Introductory CFD, FD/FV strategy, formulation, solution techniques, grid and boundary-condition concepts, with sample CFD coding.
Computational Fluid Dynamics - NPTEL archive - Numerical solution of fluid-flow equations, basic CFD techniques and applications in chemical/mechanical/civil/aerospace engineering.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER V – MINOR501CF
CFD Modelling, Geometry, Meshing and Solver Practice
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	2-0-2
	3
	30+30 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Create computational domains and high-quality meshes.
Configure solver physics and boundary conditions.
Run and monitor simulations.
Post-process and extract engineering quantities.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Geometry cleanup; computational domains; topology; named boundaries; CAD-to-CFD workflow.
	9
	CO1

	II
	Structured/unstructured meshes; element quality; skewness; orthogonality; inflation; y+; local refinement.
	9
	CO1,CO2

	III
	Solver setup; material properties; steady/transient; laminar/turbulence; boundary conditions; monitors.
	9
	CO2,CO3

	IV
	Post-processing; contours; vectors; streamlines; pressure drop; drag/lift; heat-transfer coefficient; wall shear.
	9
	CO3,CO4

	V
	Case management; automation; parameter studies; scripting; reproducibility; technical reporting.
	9
	CO4,CO5


Course Outcomes
Create a CFD-ready geometry and mesh.
Select mesh resolution according to physics.
Set up and run a reproducible CFD case.
Extract engineering quantities from results.
Document and communicate a CFD workflow.
Suggested Practical / Field / Software Work
Mesh a backward-facing step and study mesh sensitivity.
Simulate fully developed pipe flow.
External flow over a cylinder/bluff body.
Conjugate heat transfer in a simple solid-fluid domain.
Parametric CFD study using OpenFOAM/ANSYS Fluent/COMSOL or equivalent.
Reference Books / Standards / Digital Resources
ANSYS Fluent Theory Guide / User's Guide.
OpenFOAM User Guide and documentation.
COMSOL Multiphysics CFD Module documentation.
Versteeg and Malalasekera, An Introduction to CFD.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Computational Fluid Dynamics using Finite Volume Method - IIT Madras - Finite-volume discretization of diffusion, convection-diffusion and incompressible-flow equations on structured/unstructured meshes and SIMPLE algorithms.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VI – MINOR601CF
Advanced CFD: Turbulence, Multiphase and Compressible Flow
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain RANS, LES and turbulence modelling.
Select suitable turbulence models for engineering flows.
Understand multiphase and compressible-flow approaches.
Recognize limitations of advanced CFD models.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Turbulence characteristics; Reynolds decomposition; RANS; closure problem; k-epsilon; k-omega; SST.
	9
	CO1,CO2

	II
	Near-wall modelling; wall functions; y+; transition; separation; model sensitivity and validation.
	9
	CO2,CO3

	III
	Multiphase flow; Eulerian/Lagrangian approaches; VOF; particle tracking; cavitation overview.
	9
	CO1,CO3

	IV
	Compressible flow; equations of state; density-based/pressure-based approaches; shocks; transonic flow.
	9
	CO2,CO4

	V
	Rotating machinery; moving reference frames; combustion overview; uncertainty and model selection.
	9
	CO3,CO5


Course Outcomes
Explain common turbulence models.
Select turbulence treatment according to flow regime and wall resolution.
Evaluate multiphase modelling approaches.
Interpret compressible-flow results.
Assess uncertainty and limitations of advanced CFD.
Suggested Practical / Field / Software Work
Compare k-epsilon and k-omega/SST for a benchmark.
Study y+ and wall treatment.
VOF free-surface case.
Particle tracking case.
Nozzle/shock simulation.
Rotating-flow case study.
Reference Books / Standards / Digital Resources
Wilcox, Turbulence Modeling for CFD.
Pope, Turbulent Flows, Cambridge University Press.
Ferziger and Perić, Computational Methods for Fluid Dynamics.
Toro, Riemann Solvers and Numerical Methods for Fluid Dynamics.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Applied Computational Fluid Dynamics - IIT Kanpur - Compressible-flow computations, numerical discretization, stability/convergence, RANS, turbulence models and LES/DNS.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VII – MINOR701CF
CFD Verification, Validation, Optimization and Digital Twins
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Differentiate verification and validation.
Compare CFD predictions with analytical/experimental data.
Perform DOE and sensitivity studies.
Understand CFD optimization and digital-twin applications.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Verification vs validation; code/solution verification; benchmark problems; analytical comparison.
	9
	CO1

	II
	Experimental validation; measurement uncertainty; validation metrics; error sources; calibration and sensitivity.
	9
	CO1,CO2

	III
	DOE; parameter screening; response surfaces; sensitivity analysis; surrogate models.
	9
	CO2,CO3

	IV
	Optimization; single/multi-objective optimization; adjoint concepts; evolutionary algorithms; constraints.
	9
	CO3,CO4

	V
	Digital twins; reduced-order models; HPC; cloud CFD; automation; reproducibility and FAIR data principles.
	9
	CO4,CO5


Course Outcomes
Distinguish verification from validation.
Quantify and interpret CFD–experiment differences.
Plan a DOE/sensitivity study.
Formulate a CFD optimization problem.
Explain digital-twin and reproducible CFD workflows.
Suggested Practical / Field / Software Work
Validate pipe-flow CFD against analytical correlations.
Perform grid-convergence index or equivalent study.
Conduct DOE-based CFD parameter screening.
Build a response-surface surrogate.
Optimize a selected flow objective.
Reference Books / Standards / Digital Resources
Roache, Verification and Validation in Computational Science and Engineering.
Oberkampf and Roy, Verification and Validation in Scientific Computing.
Montgomery, Design and Analysis of Experiments.
ANSYS/COMSOL/OpenFOAM optimization documentation.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Computational Fluid Dynamics - NPTEL archive - CFD fundamentals, modelling, boundary conditions, discretization and computational solution strategies useful for verification/validation studies.
Applied Computational Fluid Dynamics - IIT Kanpur - Advanced CFD, turbulence and model assessment supporting optimisation/validation work.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VIII – MINOR801CF
Applied CFD Project
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	0-0-6
	3
	30+30 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Integrate CFD skills into a complete engineering study.
Conduct verification/validation and sensitivity analysis.
Develop an evidence-based engineering conclusion.
Prepare reproducible technical documentation.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Problem selection; literature review; objective; geometry; physics; boundary conditions; validation plan.
	9
	CO1

	II
	Mesh development; solver setup; baseline simulation; convergence monitoring.
	9
	CO2

	III
	Parametric simulations; data extraction; visualization; uncertainty/sensitivity analysis.
	12
	CO3

	IV
	Validation; optimization; engineering interpretation; limitations; future work.
	12
	CO4

	V
	Report; case files/code; poster; presentation; viva.
	3
	CO5


Course Outcomes
Define an applied CFD problem.
Develop a verified computational model.
Conduct a controlled parametric investigation.
Validate and interpret results.
Produce a reproducible professional CFD report.
Suggested Practical / Field / Software Work
Possible projects: WAAM thermal-fluid modelling; WEDM dielectric flow; HVAC/thermal management; heat exchangers; turbomachinery; external aerodynamics; microfluidics; multiphase flows.
Final project report, presentation, case files and viva.
Reference Books / Standards / Digital Resources
Project-specific peer-reviewed literature.
Relevant ASME/ASTM/ISO standards.
Software manuals and solver verification cases.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Applied Computational Fluid Dynamics - IIT Kanpur - Advanced CFD project support including compressible flows, RANS, turbulence, LES/DNS and case studies.
Computational Fluid Dynamics using Finite Volume Method - IIT Madras - Finite-volume algorithms and structured/unstructured mesh practice.
Foundation of Computational Fluid Dynamics - IIT Madras - Introductory verification and coding support.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


Programme-Level Guidelines
Eligibility
Students of B.E./B.Tech./equivalent undergraduate engineering and technology programmes, subject to institutional eligibility and the academic regulations of the affiliating University.
Suggested Evaluation
Continuous Internal Evaluation: 40% through quizzes, assignments, case studies, presentations, laboratory/field work and mid-semester examination.
End-Semester Examination: 60% for theory courses, subject to university regulations.
Practical/project components shall be evaluated through performance, record, viva, report and presentation.
Attendance, minimum pass marks and progression requirements shall follow the prevailing university regulations.
Teaching-Learning Approach
Interactive lectures supported by demonstrations, case studies and contemporary engineering examples.
Use of industry-standard/open-source software wherever feasible.
Mini assignments based on real engineering data/problems.
Guest lectures/industry interaction may be incorporated without altering the approved course outcomes.
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