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Motivation ¢

Additive manufacturing Topology optimization

Complex / evolving

geometry

[Alexandersen, 2016]

Fluid-solid interactions Conjugate heat transfer

Multiphysics

[Das, 2018]

[Thomas, 2019]

High resolution

[Frére, 2015]



Towards high accuracy immersed ¢

How to tackle lack of accuracy?

High-order DG High-order

Immersed approach on cartesian grid cut-cells

v Simple mesh generation
X Numerical errors at interface
X Lack of resolution near interfaces
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Discretization of elliptic equations
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Discretization of elliptic equations &

V- (uvu) =0, Vx €N
u=1u", Vx €Tl

Vv eV, findu €V:

y(ut,u=,vt,v7) y(ut,u*,vt,0)

Weakly impose BCs & solution continuity

Appropriate numerical flux T
Impose flux continuity



Interior penalty method
yut,um,v*,v7) = [vpvul = [v] - (uvw) + [uvad - (v)

Impose continuity of flux

= [vl - (uVu) + 0lul - (uVv) — opllv] - [u]

Penalty term

Weakly impose

e continuity of solution
e BC
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Interior penalty method
yut,um,v*,v7) = [vpvul = [v] - (uvw) + [uvad - (v)

Impose continuity of flux
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Interior penalty method
yut,um,v*,v7) = [vpvul = [v] - (uvw) + [uvad - (v)

Impose continuity of flux
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Sharp bound on inequality for finding optimal o¢
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What about cut elements?

For 2D elements

=
A
o pAGe)
_TIO V(el)

with ny = 4 (empirical)

[Kummer, 2016]



Trace inverse inequality

Sharp bound on inequality for finding optimal o¢

JvzdS SKfvde,VUEV

f e
2
p C(p)A(f) [Warburton, 2003]
K~C— —> K = Hillewaert, 2013
h Vie) |
Pascal Pascal & Tensor product

functional space functional space

(p+1(p+d)
d

C(p) = C(p) = (p +1)°

[

<

What about cut elements?

/o,
A—1L¢
For 2D elements
p*A(0e")
V(e
with ng = 4 (empirical)

) 4

Does it always ensure coercivity?
Is it a sharp bound?
Can we find one if not?

K =n,

[Kummer, 2016]
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Trace inverse inequality for straight cut &

Simplify the set-up
2D quadrangle equipped with Tensor product functional space of order p
Straight cut from level-set

Type | Type | Type Il

Search for C(p) and h, and verify with Owen’s numerical approach:

jdeSSKJUZdV,VvEVeK=maX/1: (M; =AM, )x =0

f e [Owens, 2017]



Trace inverse inequality for straight cut &

Simplify the set-up
2D quadrangle equipped with Tensor product functional space of order p
Straight cut from level-set

,

!

e

Type | Type | Type Il
Search for C(p) and h, and verify with Owen’s numerical approach:

ijdSSK Jvde,VUEVﬁK=maX/1: (Mg =AM )x =0

/ /
f e [Owens, 2017]

Still need to separate geometric contribution to functional space



Trace inverse inequality for straight cut &

Simplify the set-up
2D quadrangle equipped with Tensor product functional space of order p
Straight cut from level-set

p=a

Type | Type | Type Il

Search for C(p) and h, and verify with Owen’s numerical approach:

ijdS <K Jvde,vU €V —» K =maxA: (Mpy —AMy)x = 0
f! e [Owens, 2017]

Why not using this approach Computationally more expensive
“on the fly” for any cut? Might be ill-conditioned
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On reference triangle

A Kummer 4 p?
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Numerical results limited to p = 7 because of available quadrature rule

logp(p +1)

Closer to experiments than Kummer
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Conclusion & perspectives

To guarantee coercivity of interior penalty method & minimize conditioning

ijdSSKJvde,VvEV

fl 8’
for 2D tensor product elements of order p, implicitly cut by a level-set

| A

 Numerical results using Owen’s approach
 Kummer’s definition for K: though simple, too safe - higher conditioning
* Proposed new C(p) and h expressions, case-dependent & better calibrated




Conclusion & perspectives

What's next
* Consider curved cut with parameterized level-set
* Going to 3D tensor product elements
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