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1 Introduction

The present document serves as evidence of the completion of the mandatory laboratory and
theoretical homework covering transmission conditions, domain decomposition methods for both
homogeneous and heterogeneous problems, monolithic and partitioned schemes in time, operator
splitting techniques, fractional step methods, ALE formulations and Fluid-Structure interaction
problems.

The results of the lab homework are summarized in Section 1, while the answers to the theoretical
homework are presented in the Appendices Section of the present document.
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2 Lab

2.1 Task 1: Heat Transfer problem

The influence of the value of kappa on the solution of the heat transfer have been computed and
presented in Figure 2.1. As expected we observe that if we increase the diffusion effects (larger
kappa-value), the solution decreases which is the expected behavior.

Figure 2.1. Effect of varying kappa-value
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The influence of the value of the source term on the solution of the heat transfer have been
computed and presented in Figure 2.2. As expected we observe that if we increase the magnitude of
the source, the solution increases accordingly which is the expected behavior as they are
proportionally to each other.

The influence of the number of elements in which the domain is discretized on the solution of the
heat transfer have been computed and presented in Figure 2.3. As expected we observe that for
finer mesh (larger number of element) the overall solution is better approximated. Nevertheless, the
approximation at the nodes are equally approximated independently of the number of elements as
we can observe at Figure 2.3.
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Figure 2.2. Effect of varying the source term
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Figure 2.3. Effect of varying the number of elements
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2.2 Task 2: Solve a Heat Tranfer problem split into two subdomains

The heat transfer problem is now split into two subdomains Q1=[0,0.25] and €2=[0.25,1] with
kappa=1 and source=1, leaving the interface node free of prescribed boundary conditions. The latter
causes mismatching approximated values at the shared interface node, as can be observed in Figure
2.4 below. The reason is simple right end-node of subdomain Q1 does not talk to the left end-node
of subdomain Q1 and therefore they are unsynchronized.

Figure 2.4. Effect of free conditions at the shared interface of the two subdomains
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2.3 Task 3: Monolithicly solve the Heat Transfer problem split into two

subdomains

If we were to solve the problem presented in section 2.2 with a monolithic approach, we will
manage to obtain a matching solution at the shared interface (see Figure 2.5). The reason is that
thanks to the monolithic approach the two sub-domains, while still having free boundary conditions
at the shared interface, they now share the same equations and as the mesh nodes coincide at the
interface it is no longer required to integrate the boundary terms.
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Figure 2.5. two subdomains with free shared interface boundary conditions solved using a monolithic
scheme.
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If we were to introduce a different value of kappa at each subdomain, the solution at the shared
interface node would still be a matching solution for both subdomains when a monolithic approach
is implemented. The differences are that instead of having a single problem with two subdomains,
now we have what looks like two different problems with a shared interface (see Figure 2.6). The
larger the difference between kappal and kappa2 the weirdest the shape of the solution curve will
be.

Figure 2.6. two subdomains with free shared interface boundary conditions solved using a monolithic
scheme- with different kappa values.

01

—— subd={0,0.25} & Kappa=0.1
subd={0.25,1] & Kappa=10
009 = ]
008
007
006
= 005
004 |
003 | T
T~
\\»\
002 \\\
._\‘\
001 ~
\\\
0 1 1 1 1 1 1 1 1 1 ~
0 01 02 03 04 05 06 07 08 09 1



Coupled Problems - Homework Rueda Wanga, Jean Martin

2.4 Task 4. Solve the Heat Transfer problem with a Dirichlet-Neumann iteration-

by-subdomain scheme

The iterative scheme converges well for different starting neumann boundary conditions at the left
subdomain, with the requisite that kappa shall be equal or greater than 1, as shown in Figures 2.7 through
2.10. The method converges faster for increasing values of kappa and does not converge at all for values below
1 (see Figure 2.11).

The limitations of this scheme are the difficulties to guarantee the convergence and stability of the solution.

Figure 2.7. Dirichlet-Neumann iteration-by-subdomain for q1=1 and k1=k2=1.
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Figure 2.8. Dirichlet-Neumann iteration-by-subdomain for q1=100 and k1=k2=1.
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Figure 2.9. Dirichlet-Neumann iteration-by-subdomain for q1=1 with k1=100 and k2=1.
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Figure 2.10. Dirichlet-Neumann iteration-by-subdomain for g1=100 with k1=100 and k2=1.

008 -

=100 & fter3
— q=100 & iter=5
006 | _

004

002

0.04

.06 1 1 1 1 1 1 1 1 1 J

Figure 2.11. Dirichlet-Neumann iteration-by-subdomain for q1=0.01 with k1=100 and k2=1.
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4  Appendices

4.1 THEORETICAL HOMEWORK
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