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33 nPlusUk = zeros (size (
)

Coupled Problems: Task 5

MATLAB CODE

% Task 5
clear all; close all; clc;

=L

; for value=[0.25 0.5 1]

dt(j) = value;

(1/dt(j))=*[1/9 1/18 0 0;
1/18 2/9 1/18 0;
0 1/18 2/9 1/18;
00 1/18 1/9];

K=[3-300;
36 -3 0;
0 -3 6 —3;
00 —3 3];

C=1[-0.5 0.5 0 0;
0.5 0 0.5 0;
0 —0.5 0 0.5;
00 —05 0.5];

% Operator splitting solution

nUa = zeros (size (F));
nPlusUa = zeros(size

nUk = zeros(size (F)

)
5 Uprev = zeros(size (F));

7 for i=1:1/dt(j)

nPlusUa (2:3,1)
nUk = nPlusUa;

(M(2:3,2:3) + C(2:3,2:3))\(M(2:3,2:3)«Uprev(2:3,1));

nPlusUk (2:3,1) = (M(2:3,2:3) + K(2:3,2:3))\( F(2:3,1) + (M(2:3,2:3)*nUk

(2:3,1)) );
Uop = nPlusUk;
Uprev = Uop;

3 end

Uoper (:,j) = Uop;

fprintf(’Operator splitting solution for dt = %f’,dt(j));

display (Uop’) ;
j =i+
end

Sanjay Komala Sheshachala

sanjayks01@gmail.com



49
50
51
52
5
54
55

56

57

64

Coupled Problems: Task 5

% Monolithic solution
Umon = zeros(size (F));
Uprev = zeros (size (F));

% for i=1:1/dt(j)
Umon(2:3,1) = (M(2:3,2:3) + K(2:3,2:3) + C(2:3,2:3))\( F(2:3,1) + (M
(2:3,2:3)xUprev(2:3,1)) );
Uprev = Umon;

% ensd

fprintf(’Monolithic solution ’);
display (Umon’) ;

2% Error
s errx = [0.25 0.5 1];
for i = 1:3
err (:,i) = abs(Uoper(:,i) — Umon) ;
end

plot (errx ,err (2,:),’'x=b’);
hold on;
plot (errx ,err (3,:), ’*—1");

ERROR ANALYSIS
We evaluate the error in the operator splitting solution for different time step size of 0.25,
0.5 and 1.0 with respect to the monolithic solution. Since only two interior nodes are
present, we plot the error at each of the nodes as shown in fig We observe that the
error decreases with the decrease in time step size. This shows that with the convenience
of opertator splitting, we have to perform computations with smaller time steps.

Sanjay Komala Sheshachala sanjayks01@gmail.com
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, x 1072 Absolute error of Operator splitting solution vs time step size
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Figure 1: Error of Operator splitting technique with respect to the Monolithic scheme
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Coupled Problems: Task 7

BIBLIOGRAPHY ON MESH MOVEMENT IN ALE
Mesh update strategies can be either of the two:

1. Mesh regularization: It is to keep the computational mesh as regular as possible and
to avoid mesh entanglement. Mesh regularization requires that updated nodal coordi-
nates be specified at each station of a calculation, either through step displacements,
or from current mesh velocities. It can be further classified as:

(a)

When the motion of the material surfaces (usually the boundaries) is known a
priori, the mesh motion is also prescribed a priori. In general, this implies a
Lagrangian description at the moving boundaries, while a Eulerian formulation
is employed far away from the moving boundaries. Papers on these techniques
Huerta and Liu (1988a) and Rodriguez-Ferran et al. (2002).

In all other cases, at least a part of the boundary is a material surface whose
position must be tracked at each time step. Thus, a Lagrangian description
is prescribed along this surface (or at least along its normal). Papers with
this technique are Noh (1964) and Liu and Chang (1984). In fluid-structure
interaction problems, solid nodes are usually treated as Lagrangian, while fluid
nodes are treated as fixed or updated according to some simple interpolation
scheme.

Some other techniques include

(a)

Transfinite mapping method: was originally designed for creating a mesh on a
geometric region with specified boundaries. It induces a very low-cost procedure,
since new nodal coordinates can be obtained explicitly once the boundaries of
the computational domain have been discretized. Papers describing these are
Ponthot and Hogge (1991), Yamada and Kikuchi (1993)

Laplacian Smoothing and Variational Methods: This involves solving the lapla-
cian or poisson problem to rezone the nodes describing the mesh so that a
smooth distribution of them are obtained. Examples include Liu et al. (1988),
Ghosh and Kikuchi (1991)

Mesh smoothing and simple interpolations: The goal of this method is to min-
imize both the squeeze and distortion of each element in the mesh. It uses
mesh-smoothing algorithm designed to improve the shape of the elements once
the topology is fixed. Examples include Donea et al. (1982), Batina (1991)

2. Mesh adaptation: It is to concentrate elements in zones of steep solution gradient.
This is basically used as a mesh refinement technique. Some papers on this include
Huerta et al. (1999) and Askes and Rodriguez-Ferran (2001)
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Fluid-Structure Interaction
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ADDED MASS EFFECT

Added mass effect occurs in FSI problems when the partitioned schemes do not converge
to a solution. This is due to the similarity in densities of the solid and fluid phases such as
arterial flow, biomechanics, etc,. The added mass operator describes, how the prediction of
the interface acceleration relates to the new interface forces for the structure problem. The
added mass operator acts as additional mass on the degrees of freedom on the interface.
It can be mitigated by techniques such as Aitken’s relaxation scheme, steepest-descent
method and using robin-robin boundary conditions

AITKEN RELAXATION

The code snipped used to apply the relaxation scheme is given below and the plot of
the problem solution is shown in fig[1}

1 close all
> clear variables

1 count = 1;

sw= 1; %initial w

¢ HeatProblem.Solution.uRight = 0;
7 HeatProbleml. Solution . ulLeft = 0;
s ugl = 0; ug2 = 0;

10 %Problem1

11 %Domain

12 Data.inix = 0;
13 Data.endx = 0.4;
14+ Data.nelem = 2;
15 %Physical

¢ Data.kappa = 1;

17 Data.source = 1;
1s %Boundary conditions
10 %Dirichlet

20 Data.FixLeft = 1; %0, do not fix it, 1: fix it
21 Data. LeftValue = 0;

22 Data.FixRight =0;

23 Data.RightValue = 0;

24 %Neumann

25 Data. FixFluxesLeft = 0;

26 Data. LeftFluxes = 0;

27 Data. FixFluxesRight = 1;
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Data.RightFluxes = 0;

%Problem?2
%Domain
Datal.inix = 0.4;
Datal .endx = 1;
Datal .nelem = 3;

5 %Physical
; Datal . kappa = 1;

Datal.source = 1;
%Boundary conditions
%Dirichlet

Datal.FixLeft = 1; %0, do not fix it, 1: fix it
Datal. LeftValue = 0;
Datal . FixRight =1,

; Datal . RightValue = 0;

Y%Neumann

5 Datal . FixFluxesLeft = 0;

Datal . LeftFluxes = 0;
Datal.FixFluxesRight = 0;
Datal.RightFluxes = 25;

itercounter = 1; errper = 100; usolold = 0; il = 1;

while (errper > le—6 && itercounter < 100)
domlbefore = HeatProblem. Solution.uRight;

%Problem 1

HeatProblem = HP _Initialize (Data);

HeatProblem = HP_Build (HeatProblem) ;

HeatProblem = HP _Solve(HeatProblem) ;

domlafter = HeatProblem. Solution.uRight;

%Aitkin Relaxation scheme

if (i1>2)

w = (ug2 — ugl) / (ug2 — ugl + HeatProblem. Solution.uRight — usolold)
end
wcount (itercounter ,1) = w;

Datal. LeftValue = ugl + wx(HeatProblem. Solution.uRight — ugl);

ug2 = ugl;
ugl = Datal.LeftValue;

dom2before = HeatProbleml. Solution .uLeft;

7 %Problem 2
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HeatProblem1
HeatProblem1
HeatProblem1

Solution plot with 5 elements
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Figure 1: Solution with Aitken’s relaxation scheme

= HP _Initialize (Datal);
= HP _Build (HeatProblem1l);
= HP _Solve (HeatProbleml);

dom2after = HeatProbleml. Solution . uLeft;

%Update

for data

Data.RightFluxes = —HeatProbleml. Solution . FluxesLeft;

errper = abs(abs(HeatProblem.Solution.uRight — usolold)*100/usolold);

% fprintf("%f\n’,errper);

errdoml (itercounter ,1) = abs(domlbefore — domlafter);
errdom2(itercounter ,1) = abs(dom2before — dom?2after);

itercounter

= itercounter +1;

usolold = HeatProblem. Solution .uRight;

i1 = il+1;

o7 end

% Solve and

plot

HP _Plot (HeatProblem ,1,1) ;
HP Plot (HeatProbleml ,1,2) ;
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