
Trust: 
Moogambigai Charitable and Educational 

Trust, established in the year 1992 with the 

sole objective for starting institutions of 

higher education of exemplary stature in 

the state of Karnataka. 

In furtherance of this objective, the trust 

has been establishing institutions of higher 

learning and presently, the trust is running 

7 institutions in Karnataka and 19 

institutions in Tamil Nadu in the field of 

Medical, Dental, Nursing, Engineering and 

Management. 

 

Institute: 
RajaRajeswari College of Engineering 

(RRCE), established in the year 2006 is 

recognized by AICTE, New Delhi and is 

affiliated to Visvesvaraya Technological 

University (VTU), Belgaum, Karnataka. 

The Institute offers six UG courses (Civil, 

Computer Science, Information Science, 

Mechanical, Electronics & Electrical 

Engineering) and Five PG courses Master 

of Technology, Master of Business 

Administration & Master of Computer 

Applications. All the Departments have 

well qualified staff and well equipped 

laboratories, library, computing and sports 

facilities along with other amenities. The 

college is located at a distance of 18kms 

from Bangalore City Railway Station on 

Mysore road. 

Objectives of  Program  

 
To provide an appropriate platform for the 

staff, students, industrialists, researchers & 

practicing engineers of various 

organizations to participate in “Advanced 

Computational fluid dynamics” and to 

highlight the recent advancement in the 

field of CAE Technology.  

 

Course content 

 
 Basic and advanced fluid mechanics ( 

Theoretical and advanced)  

 State of the art CAE software tools. 

 Assistance/Collaboration in CAE 

projects using Hyper Works tools. 

 Industry ready Engineers. 

 

 

Who can Attend? 
 

UG and PG students of Mechanical, Civil, 

Electrical and Electronics Engineering. 

   

Registration Fee: 

-NIL- 

 

 

 

Registration form: 
 

 1. Name:           

___________________________________ 

 
 2. Designation: 

___________________________________ 

 
 3. Organization: 

___________________________________ 

 
 4. Address: 

___________________________________ 

      

___________________________________ 

 

___________________________________      

  

___________________________________ 

  

 5. Email ID: 

___________________________________ 

 
 6. Mob/Tel:  

___________________________________ 

 
 7. Signature of the Participant: 

     

___________________________________  

 

 8. Signature of Director/ Principal/HoD: 

    

___________________________________ 
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RAJARAJESWARI COLLEGE OF ENGINEERING 

(ISO 9001-2008 Certified Institution) 
 (Affiliated to VTU, Belgaum, Approved by AICTE, New Delhi.)  

 

“Six days training program on Advanced Computational Fluid 

Dynamics from 7th November to 12th November 2016” 

 

Syllabus 

Prerequisites: 

Knowledge of undergraduate heat transfer and fluid mechanics, basic computational fluid 

dynamics. 
 

Brief Syllabus: 

 
Introduction: Finite difference (FDM) and Finite volume (FVM) methods, elliptic, parabolic 

and hyperbolic equations, Navier-Stokes (N-S) and energy equations, explicit and implicit 

methods, higher order schemes Solutions of simultaneous equations: iterative and direct 

methods, Gauss-Seidel iteration, CGS, Bi-CGSTAB and GMRES (m) matrix solvers, 

different acceleration techniques; Incompressible flow: N-S equation using explicit methods: 

MAC and SMAC (staggered and collocated grids), semi-implicit methods: SIMPLE and 

SIMPLER, projection method, higher order discretisations, Compressible Flow: solution of 

compressible N-S equation, finite volume formulations, geometric flexibility, Jameson’s, 

MacCormack’s, Steger and Warming schemes in FVM, flux splitting scheme and upwinding,  

different acceleration technique, multigrid method; Grid generation: grid generation using 

algebraic and partial differential equations; N-S equations in irregular geometry: 

transformation of N-S equation in curvilinear coordinate system, non-orthogonal grid, 

Uncertainty of numerical results: Sources of uncertainties, independence studies on grid, 

time-step, domain and initial condition. Turbulence modeling: scales of turbulence, concept 

of turbulence modeling, different eddy viscosity based models, introduction to large eddy 

simulation (LES) and direct numerical simulation (DNS). 
 

Course content: 

Lecture-wise break-up (lecture duration: 50 minutes) 
 

 

 Topics No of 

suggested 

lectures 

and Lab 

Hrs 

1 Introduction: Brief introduction of boundary layer flow, 

incompressible and compressible flows, finite difference and finite 

volume method, example of parabolic and hyperbolic systems and 

time discretization technique, explicit and implicit methods, upwind 

and central difference schemes, stability, dissipation and dispersion 

errors. 

3 

2 Solution of Simultaneous Equations: point iterative/block iterative 

methods, Gauss-Seidel iteration (concept of central coefficient and 

residue, SOR), CGS, Bi-CGSTAB and GMRES (m) matrix solvers, 

different acceleration techniques. 

3 



3 Incompressible Flow: 

Higher order upwind schemes: second order convective schemes, 

QUICK. 

Solution of NS equations: Solution of incompressible N-S equation 

(Explicit time stepping, Semi–explicit time stepping). 

SMAC method for staggered grid: Predictor - Corrector step, 

discretization of N-S and continuity equations, Pressure correction 

Poisson’s equation, boundary conditions (no-slip, moving wall, slip 

boundary and inflow conditions), outflow (zero gradient/Orlanski) 

boundary conditions for unsteady flows, algorithm for the SMAC 

method, stability considerations for SMAC method. 

Semi–implicit method (SIMPLE): Comparison with the SMAC and 

fully – implicit methods, algorithm for semi–implicit method, 

discussion on SIMPLE/SIMPLER and SIMPLEC. Discretization of 

governing equations and boundary conditions in FVM framework. 

SMAC method for collocated grid: Pressure–velocity coupling, N- S 

equations on a collocated grid, concept of momentum interpolation 

to avoid pressure velocity decoupling, discretization of governing 

equations using the concept of momentum interpolation. 

9 

4 FDE in complex geometries: Transformation of governing 

equation in   plane, transformation of Laplace equation, 

introduction to geometrical parameters and the accuracy of the 

solution, basic facts about transformation, grid transformation on 

complex geometries. N-S equations in transformed plane, matrices 

and Jacobians. 

4 

5 Compressible Flow: 

N-S and energy equations, properties of Euler equation, 

linearization. 

Solution of Euler equation: Explicit and implicit treatment such as 

Lax-Wendroff, MacCormark, Beam and Warming schemes, Upwind 

schemes for Euler equation: Steger and Warming, Van Leer's flux 

splitting, Roe's approximate Riemann solver, TVD schemes. 

Solution of N-S equations: MacCormack, Jameson algorithm in 

finite volume formulation and transformed coordinate system. 

5 

6 Grid system: Historical aspects of the various grids, Body fitted 

grids in complex geometries, orthogonal grids, mapping functions, 

staggered/collocated and structured/unstructured, various methods 

of grid generations (Algebraic, Transfinite, Poisson equation 

methods). 

4 

7 Uncertainty of numerical results: Sources of uncertainties, studies 

on grid independence, time-step independence, domain 

independence, initial condition dependence. 

2 



8 Turbulence modelling: Introduction to turbulence, scales of 

turbulence, Reynolds Averaged Navier Stokes (RANS) equation, 

closure problem, eddy viscosity model, k-ε and k-ω model, 

introduction to large eddy simulation (LES) and direct numerical 

simulation. 

6 

 Total number of Lectures and Lab Hrs 36 

 

 

Suggested text books: 
 

1. Computational Fluid Flow and Heat Transfer, Second Edition by K. Muralidhar, 

T. Sundararajan (Narosa), 2011. 

2. Computational Fluid Dynamics by Chung T. J., Cambridge University Press, 

2003. 

3. Computational Fluid Dynamics by Tapan K. Sengupta, University Press, 2005. 

4. Numerical Computation of Internal and External Flows by Hirch C., Elesvier 

2007. 

Suggested reference books: 

 

1. Numerical Heat Transfer and Fluid Flow by S. V. Patankar (Hemisphere Series 
on Computational Methods in Mechanics and Thermal Science) 

2. Essential Computational Fluid Dynamics by Zikanov. O., Wiley 2010. 

3. Computer Simulation of Flow and Heat Transfer by P. S. Ghoshdastidar (4th 

Edition, Tata McGraw-Hill), 1998. 
 

 

                                                                                                                             
 Program Coordinator                                 HOD-MECH 



 

 

 

 

 

RAJARAJESWARI COLLEGE OF ENGINEERING 

(ISO 9001-2008 Certified Institution) 

 (Affiliated to VTU, Belgaum, Approved by AICTE, New Delhi.)  

 

“Six days training program on Advanced Computational Fluid Dynamics” 

Schedule  
 

Date Time Contents Name of the 

Resource Person 

 

 

 

Day 1 ( 07-11-

2016) 

8: 30 AM to 10:30 

 AM 

 Brief introduction of boundary layer flow, 

incompressible and compressible flows,  

 

 

 

 

 

Dr. Gowreesh 

Subramanyam S, 

JSSATE, Bangalore 

10: 45 AM to 12:45 

AM 

finite difference and finite volume method, 

example of parabolic and hyperbolic systems and 

time discretization technique,  
 

2:00 PM to 4:00  

PM 

Lab session on explicit and implicit methods, 

upwind and central difference schemes, stability, 

dissipation and dispersion 

errors. 

 

Date Time Contents Name of the Resource 

Person 

 

 

Day 2 ( 08-11-

2016) 

8: 30 AM to 10:30 

AM 

Solution of Simultaneous Equations: point 

iterative/block iterative methods, Gauss-Seidel 

iteration (concept of central coefficient  

 

 

 

 

 

Mr.Prabhu, Assistant 

manager, Design Tech 

systems Pvt. Limited, 

Bangalore 

10: 45 AM to 12:45 

AM 

and residue, SOR), CGS, Bi-CGSTAB and GMRES 

(m) matrix solvers, 
different acceleration techniques. 

2:00 PM to 4:00 PM Lab session 

 

 

Date Time Contents Name of the Resource 

Person 

 

 

 

Day 3 ( 09-11-

2016) 

8: 30 AM to 10:30 

AM 

Solution of incompressible N-S equation (Explicit 

time stepping, Semi–explicit time stepping). 

 

 

 

Mr.Shrishail., Assistant 

manager Sales 

Design Tech systems 

Pvt. Limited, 

Bangalore 

10: 45 AM to 12:45 

AM 

SMAC method for staggered grid: Predictor - 

Corrector step, discretization of N-S and continuity 

equations, Pressure correction Poisson’s equation, 

boundary conditions (no-slip, moving wall, slip 

boundary and inflow conditions),  
 

2:00 PM to 4:00 PM Lab session on outflow (zero gradient/Orlanski) 

boundary conditions for unsteady flows, algorithm 

for the SMAC method, stability considerations for 



SMAC method. 

Semi–implicit method (SIMPLE):  

equations using the concept of momentum 

interpolation 

 

 

 

Date Time Contents Name of the Resource 

Person 

 

 

Day 4 (10-11-

2016) 

8: 30 AM to 10:30 

AM 

Comparison with the SMAC and fully – implicit 

methods, algorithm for semi–implicit method,  

 

 

 

 

Dr. Gowreesh 

Subramanyam S, 

JSSATE, Bangalore 

10: 45 AM to 12:45 

AM 

discussion on SIMPLE/SIMPLER and SIMPLEC. 

Discretization of governing equations and boundary 

conditions in FVM framework. 
 

2:00 PM to 4:00 PM SMAC method for collocated grid: Pressure–velocity 

coupling, N- S equations on a collocated grid, concept 

of momentum interpolation to avoid pressure velocity 

decoupling, discretization of governing 

 

Date Time Contents Name of the 

Resource Person 

 

 

 

Day 5 (11-11-

2016) 

8: 30 AM to 10:30 

AM 

Historical aspects of the various grids, Body fitted 

grids in complex geometries,  

 

 

 

 

Mr.Shrishail., 

Assistant manager 

Sales 

Design Tech systems 

Pvt. Limited, 

Bangalore 

10: 45 AM to 12:45 

AM 

orthogonal grids, mapping functions, 

staggered/collocated and structured/unstructured,  
 

2:00 PM to 4:00 PM Lab sessions on various methods of grid generations 

(Algebraic, Transfinite, Poisson equation 

methods). 

 

Date Time Contents Name of the Resource 

Person 
 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

Day 6 (12-11-

2016)  

8: 30 AM to 10:30 

AM 

Turbulence modelling: Introduction to turbulence, 

scales of turbulence, Reynolds Averaged Navier 

Stokes (RANS) equation, closure problem 

 

 
 

 

 
 

Dr. Gowreesh 

Subramanyam S, 

JSSATE, Bangalore 

10: 45 AM to 12:45 

AM 
eddy viscosity model, k-ε and k-ω model, 

introduction to large eddy simulation (LES) and 

direct numerical 
simulation. 

2:00 PM to 4:00 PM Lab sessions orthogonal grids, mapping functions, 

staggered/collocated and structured/unstructured 
                           

                                                                                                                                          
          

               Program coordinator                                                                                        HOD-ME 
 

1) Dr. N. Sreenivasalu Reedy 



 

Lab session of training program 



































































































HOD

RajaRajeswari College of Engineering
Approved by AICTE,New Delhi, Affiliated to VTU,Belagavi and Accredited by NBA

( A Unit of RajaRajeswari Group of Institutions)
Mysuru Road, Bengaluru, Karnataka, India.

Department of Mechanical Engineering

PrincipalCo-ordinator

This is to certify that, Ms.Vaishnavi N of 3rd year Mechanical Engineering, has 
participated in the six days training programme on “Advanced Computational Fluid 
Dynamics” held from 7th  - 12th November 2016, organized and conducted by the 
Department of Mechanical Engineering.

Certificate

 Prof. N. Sreenivasalau Reddy
   

Dr. R Shankara Reddy Dr.R.Balakrishna 



HOD

RajaRajeswari College of Engineering
Approved by AICTE,New Delhi, Affiliated to VTU,Belagavi and Accredited by NBA

( A Unit of RajaRajeswari Group of Institutions)
Mysuru Road, Bengaluru, Karnataka, India.

Department of Mechanical Engineering

PrincipalCo-ordinator

This is to certify that, Mr. Vishnu S R of 4th  year Mechanical Engineering, has 
participated in the six days training programme on “Advanced Computational Fluid 
Dynamics” held from 7th  - 12th November 2016, organized and conducted by the 
Department of Mechanical Engineering.

Certificate

 Prof. N. Sreenivasalau Reddy
   

Dr. R Shankara Reddy Dr.R.Balakrishna 



HOD

RajaRajeswari College of Engineering
Approved by AICTE,New Delhi, Affiliated to VTU,Belagavi and Accredited by NBA

( A Unit of RajaRajeswari Group of Institutions)
Mysuru Road, Bengaluru, Karnataka, India.

Department of Mechanical Engineering

PrincipalCo-ordinator

This is to certify that, Mr. Karthik S of 3rd year Mechanical Engineering, has 
participated in the six days training programme on “Advanced Computational Fluid 
Dynamics” held from 7th  - 12th November 2016, organized and conducted by the 
Department of Mechanical Engineering.

Certificate

 Prof. N. Sreenivasalau Reddy
   

Dr. R Shankara Reddy Dr.R.Balakrishna 
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