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I Mass Conservation (2D):

I Momentum Conservation (2D):

I Finite Volume Discretisation

I Challenges Faced & Solution Methodology
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Vector format of Navier Stokes Equation 5

I Since algorithms are implemented from vector notation-based equations, the
N-S can be written as:

∇ · −→u = 0 (1)

∂ρ−→u
∂t

+∇ · (−→m−→u ) = −∇p+ µ∆−→u (2)

where, −→m & −→u represents mass-flux and velocity vector respectively
∇ is the divergence vector, given by
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Differences in various flow conditions 6

I Before solving a problem, it is important to understand flow behavior so that
correct algorithm is selected :

I Consider 2 variations for a lid-driven-cavity problem as given below
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Incompressible Flow Solvers in OpenFOAM 9

I Let us look at important Incompressible flow solvers in OpenFOAM and their
capabilities :

Steady/Transient Laminar/Turbulent Viscosity

icoFoam Transient Laminar Newtonian

nonNewtonianIcoFoam Transient Laminar non-Newtonian
simpleFoam Steady Turbulent non-Newtonian
pisoFoam Transient Turbulent non-Newtonian

I What if problem is Laminar, Steady State ?

I 2 options : (1) modify simpleFoam for Laminar flow (2) run icoFoam only (for
longer time)
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icoFoam Implementation 10

I Location of the solver to check implementation :
/opt/openfoam7/applications/solvers/incompressible/icoFoam

I Contents : 2 files & 1 folder :

1. Make folder : compiling the solver
2. createFields.c → variable declaration sections
3. icoFoam.c → definitions of equations to be solved
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I Location of the solver to check implementation :
/opt/openfoam7/applications/solvers/incompressible/simpleFoam
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I Location of the solver to check implementation :
/opt/openfoam7/applications/solvers/incompressible/simpleFoam

I To modify a solver : (1) make a copy of existing solver (2) change code (UEqn
mostly ) (3) compile using ‘wmake’ command
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Oscillating LDC Problem Statement 16

I Let us consider a simple oscillating Lid-Driven cavity problem [2].

I The domain consists of oscillating wall at the top of fluid-filled cavity as
shown in Figure.

I Since the flow is periodic,
icoFoam solver is used.

I Domain Size (L) = 1

I Frequency (ω) = 2π/6

I Maximum Velocity (U) = 1

I Grid Size : 100 × 100

I Re = UL
ν = 100



Oscillating LDC Problem Statement 16

I Let us consider a simple oscillating Lid-Driven cavity problem [2].

I The domain consists of oscillating wall at the top of fluid-filled cavity as
shown in Figure.

I Since the flow is periodic,
icoFoam solver is used.

I Domain Size (L) = 1

I Frequency (ω) = 2π/6

I Maximum Velocity (U) = 1

I Grid Size : 100 × 100

I Re = UL
ν = 100



Oscillating LDC Problem Statement 16

I Let us consider a simple oscillating Lid-Driven cavity problem [2].

I The domain consists of oscillating wall at the top of fluid-filled cavity as
shown in Figure.

I Since the flow is periodic,
icoFoam solver is used.

I Domain Size (L) = 1

I Frequency (ω) = 2π/6

I Maximum Velocity (U) = 1

I Grid Size : 100 × 100

I Re = UL
ν = 100



Oscillating LDC Problem Statement 16

I Let us consider a simple oscillating Lid-Driven cavity problem [2].

I The domain consists of oscillating wall at the top of fluid-filled cavity as
shown in Figure.

I Since the flow is periodic,
icoFoam solver is used.

I Domain Size (L) = 1

I Frequency (ω) = 2π/6

I Maximum Velocity (U) = 1

I Grid Size : 100 × 100

I Re = UL
ν = 100



Steps to Execute the Solver 17

I Go to the Folder: /opt/openfoam7/tutorials/incompressible/icoFoam/cavity

I Copy ‘cavity’ tutorials to a local drive of your choice.

I We have to specify time-varying boundary conditions. open ‘0/U’ file. Add
the following in moving wall
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Execution Steps and Contours 18

I In the ‘system/blockMeshDict’ file, change number of grid points as follows:

I In the ‘system/controlDict’ file, enter ‘endTime’ as 18.0 & ‘delT’ as 0.001.

I In the terminal, enter ‘blockMesh’ (to generate mesh) and then ‘icoFoam’ (to
run the algorithm).

I The contours at t/T = 0.1, 0.25 look as follows :
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Validation of Results 19

I In order to check whether correct results are obtained or not, X-velocity along
vertical centerline at X = 0.5 is compared with literature [2] at different
time-instants.



Problems to Try Out ... ! 20

I To understand the implementation of grid generation and boundary
conditions, following examples can be tried out:

I Flow inside a Channel:

I Flow across square cylinder:
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1. Vector Format of Conservation Equations

2. Steady & Unsteady State, Laminar & Turbulent flow

3. Comparison of Algorithms

4. OpenFOAM implementation of Oscillating LDC test-case

5. Sample problems to try

In the next lecture, we shall look into the problems involving complex geometry.
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Thank you for listening!

Sumant R Morab
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