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1 Assignment: 2D transfinite interpolation

Assignment
We are requested to implement in MatLab a 2D transfinite interpolation (from now TFI)
workflow. The transfinite mapping from a computation domain (¢,7) to a physical domain
(x,y) is defined as the Boolean sum of the two interpolations U and U:
X(UI, UJ) = U(uj, UJ) ©® V(ul, ’U]) = U(U[, ’UJ) + V(ul, ’UJ) — UV(U[, UJ). (1)
for I =1,2..... M and I = 1,2...., M, with the following definitions applying

U(ur,vy) = (1 —up)X(0,v5) + uX(1,vy)
V(UI,UJ) = (1 — UJ)X(U[,O) + U]X(’LL], 1)

. and

UV(U],UJ) = (1 - UI)<1 - UJ)X(O, 0) + (1 - U[)UJX(O, 1)+
u1(1 — UJ)X(L O) + uIUJX(l, 1)

The variables v and v constitute an intermediate domain, and are mapped from the
domain (e, 7) using single-exponential functions

. X(u,v)
1
A
An
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Figure 1: 2D transfinite interpolation with an intermediate domain

which will be used to increase the nodes’ density in the desired positions as per figure 1.
The mapping is
eAe—l 6An—l

U = and v =
A1 A1

(2)
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. where the parameter A is chosen in order to increase the density of values on one end or
the other of the domain, as shown
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Figure 2: dependanve of u, v on the parameter A in intermediate mapping

The specific tasks for the homework are:

1. In file linearTFI.m write the code corresponding to functions: createInnerNodes, U, V,
uv

2. In file gridControlSpacing.m write the code corresponding to function singleExp.
3. Generate a structured mesh using your application for:
e a rectangular domain of height equals 4 and width equals 3 (example 1 in bound-

ary.m file).

e a quarter of circular ring of inner radii equals 4, outer radii equals 7 and angle 2
(example 2 in boundary.m file).

e For both examples present the obtained mesh using A = 3 and A = 3 when
function singleExp is used to concentrate nodes in the ¢ and 7 directions

4. Apply the developed application to a new geometry. To this end modify file boundary.m
and create a new domain. Present three meshes concentrating nodes near different
boundaries

MatLab Implementation

.1  Write functions createlnnerNodes, U, V, UV

The code that creates the inner nodes can be seen in Figure[3] A loop through computational
domain variables (e,n) creates first the intermediate domain inner nodes (u, v) using the grid

control spacing function and then the physical domain nodes (z,y) using the Boolean sum
defined above.

The terms of the Boolean sum are implemented as functions too. The code is simple

enough, see Figure [d] Separate functions were written for U, V and the product UV as per
the equations (1) shown above.
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[phi]=createInnerNodes(phi)

nOfChiNodes (phi,1);
nOfEtaNodes (phi,2);

chi (@,1,n0fChiNodes);
eta (©,1,n0fEtaNodes);

i=2:n0fChiNodes 1

j=2:n0fEtaNodes 1
[u,v]=gridControlspacing(chi(i),eta(j));

phi(i,j,:) = U(u,J) + V(v,1i) - UV(u,v);

Figure 3: Matlab function that creates inner nodes

[p1=U(u,7)
phi
p(:,:) = (L-u)*phi(1,]j,:) + u*phi(end,j,:);

[pl=V(v,1i)
phi
p(:,:) = (1-v)*phi(i,1,:) + v*phi(i,end,:);

[p]=Uv(u,Vv)
phi
p(:,:) = (1-u)*(1-v)*phi(1,1,:) + (1-u)*v*phi(1,end,:)
u*(1-v)*phi(end,1,:) + u*viphi(end,end, :);

Figure 4: Matlab implementation of U, V and UV

2.2  Write function singleExp

The single exponential spacing is implemented also as a function using equation (2). The

code caters separately for the case when A = 0 which would cause an error in the function
otherwise.
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(a) linear (b) denser on left (c) denser on top

Figure 6: Exponential spacing examples

psi=singleExp(psi_ini, A)

e
psi_ini;

(exp(A*psi_ini) - 1)/(exp(A) - 1);

Figure 5: Matlab single variable exponential mapping

2.3 Generate structured meshes

We tested the full program on multiple shapes. Beginning with the square physical domain,
we tried A =3 and A = —3 for both € and 7. Some of the results are presented in Figure [0]

Then we implemented the quarter of an annular domain (see figure [7]) and tested the
exponential spacing again. The results can be appreciated in Figure [8

[p]=boundarychie(eta)
p=[9,radiIn+eta*(radiout-radiln)];
[p]=boundaryChil(eta)
p=[radiIn+eta*(radiout-radiIn) 0];
[p]=boundaryEtae(chi)
p=[radiIn ((1-chi)*sector) radiln ((1-chi)*sector)];
[p]=boundaryEtal(chi)
p=[radiout ((1-chi)*sector) radiout ((1-chi)*sector)];
[value]=radiIn()
value=4;
[value]=radioOut()
value=7;
[value]=sector()
value=pi/2;

Figure 7: Matlab quarter of annular domain

2.4 Apply on a new geometry

Finally, to cover the last point in the assignment, we implemented a horse-shoe domain. The
code and the results can be found in Figures [ and

5
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(a) linear (b) denser on center (c) denser outside

Figure 8: Exponential spacing examples

(a) linear (b) denser on center (c) denser outside

Figure 10: Exponential spacing examples

[p]=boundaryChia(eta)

p=[row*be (pi/2*(1-2*eta)) be (pi/2*(1-2*eta))];
[p]=boundarycChil(eta)

p=[row*b1 (pi/2*(1-2*eta)) b1l (pi/2*(1-2*eta))];
[p]=boundaryEtae(chi)

p=[© be+(bl-b8)*chi];
[p]=boundaryEtal(chi)

p=[@, -(bo+(bl-be)*chi)];

[value]=row()

value=2.;
[value]=be()

value=1.;
[valuel=b1()

value=2.;

Figure 9: Matlab implementation of horse shoe mapping
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