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What are we interested in?

The CMOE group specializes in interdisciplinary research and education
bridging scientific computing, fluid dynamics, and offshore engineering.
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What do we need?

. Be able to use the same code for research and teaching
. Reduce learning time for new members (engineering students background)
. Have a larger impact through open source and active community

« Application-oriented research
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Why Julia and Gridap.jl? .’§ G ri d a p

. Be able to use the same code for research and teaching

Implemented weak form as written in paper
. Reduce learning time for new members (engineering students background)
Single language, no compilation, python-like language
. Have a larger impact through open source and active community
Very active (growing?) community
« Application-oriented research

Easy-to-use for non-experts
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How do we use Gridap.jl ecosystem?

* Solution of mixed-dimensional PDEs
* Solution of PDEs in complex geometries

* Solution of highly nonlinear PDEs
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How do we use Gridap.jl ecosystem?

 Solution of mixed-dimensional PDEs
* Solution of PDEs in complex geometries

* Solution of highly nonlinear PDEs
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Solution of mixed-dimensional PDEs

Interested in the hydroelastic analysis of floating flexible structures
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Problem setting

After many assumptions, we just need to determine 2 unknowns
1. Velocity potential (¢)

2. Surface elevation (1) euhs 9 | D A2y 4 96 4 g0 g
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Solution strategy

There are a few approaches we could follow:

* Analytical solution. Only for regular shapes and simplifications at the boundary
* Boundary Element method. Limitations when extending this framework to more complex scenarios

* Finite Element method. General framework, can handle arbitrary shapes, nonlinear case...

Additional challenges:

* Coupling between fluid and structure can lead to instabilities => monolithic strategy

* A monolithic formulation leads to a mixed-dimensional PDE
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Why monolithic approach?

How can we solve coupled problems?

Partitioned approach Monolithic approach

tn tn

I

Solve fluid syste

A

Solve coupled
fluid-solid system

Solve solid systernr

\ 4

Converged?

l yes

tn+1 tn+1

no
Solid motion relaxation

A
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Why monolithic approach?

Partitioned scheme:

* Solution of two smaller problems (faster)

* [terative process

Lack of convergence in partitioned schemes for Fluid-structure interaction problems: Added mass effect
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Why monolithic approach?

When can we have problems with the added mass?

* Solid density approx. equal or less than fluid density

e Thin structures

* Highly flexible structures

We want to simulate flexible floating thin structures
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Why monolithic approach?

When can we have problems with the added mass?
* Solid density approx. equal or less than fluid density\/
* Thin structures

* Highly flexible structures

We want to simulate flexible floating thin structures
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Why monolithic approach?

When can we have problems with the added mass?
* Solid density approx. equal or less than fluid density \/

* Thin structures \/

* Highly flexible structures

We want to simulate flexible floating thin structures
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Why monolithic approach?

When can we have problems with the added mass?

* Solid density approx. equal or less than fluid density \/

* Thin structures \/

* Highly flexible structures \/

We want to simulate flexible floating thin structures

Avoid partitioned

scheme!!!

]
TUDelft 16




A note on the implementation

Final semi-discrete form:
(Von, Vwy)q, — (ﬁ?h,,t,wh.)pfs — (Mt wn)ry, + B(Pnt + ghn, @ wh + vp)
+ (donne + Sng + gy un)p  + (Dplii, Aup)p
— ((D,Anp), ﬂVuh_ ' HAJJ) - (”Vnh ' HAJJ: <DpA“h>)A
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A note on the implementation

Final semi-discrete form:

(Von, Vwg)q, — (Knt, wh.)rfs
+ (donhet + dnt + 9N, up)
— ((DpAnn), [Vup - np])
YD,
h
We have to define FE spaces and integrate on R%, R~ and R%~2 withd = 2,3

— (M.t wh)f'str + B(Pnt + grin, @ wp + vp)
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A note on the implementation

Final semi-discrete form:

— (Khts ’wh)pfs = (s wi)rg, + B(Pnt + ghn, o wp, + ’Uh)pfs

+ (d{lnh,tt + (_fbh._._i + gnh, uh)lﬂ‘itr + (Dpﬁnh-; A“‘h)rstr

N = (Vin, wn)r;.. + (Vout, Wn)r

in out

We have to define FE spaces and integrate on R, R~ and R%~2 withd = 2,3
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A note on the implementation

Final semi-discrete form:
— (Kht, ’wh)pfs — (Mht, wh)f’str + B(ons + grn, a wp, + ’Uh)pfs

+ (donnt + Grt + gnn, un) + (D,Anp, Auy)

Ustr Tstr

n ::(1ﬁn:iuh)Pi + (Vout, Wh)r

n out

This has been implemented in Gridap.jl, a pure Julia FE library

residual(t, (¢,k,n), (w,u,v)) = [( V(w)-V(d) )dQ - [( It(k)*w )drfs - [( dt(n)*w )drb + f( B * (dt(d) + gxk) * (u + axw) )drfs
J( (dexdtt(n) + 0t(o) + gxn) = v )drb + [( DxA(v)*A(n) )drb +
J(D % ( - jump(V(v)+.nAb) % mean(A(n)) - mean(A(v)) = jump(V(n).nAb) ) )dAb +
J( Dey/h % ( jump(V(v)e.nAb) %= jump(V(n).nAb) ) )dAb

op = TransientFEOperator(residual, X, Y)

(dh,Kn,Nn) = solve(ODE_solver,xg,to,tf)
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Solution of mixed-dimensional PDEs

Not only d-1 structures, also d-2 fluid-structure-structure interaction!
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How do we use Gridap.jl ecosystem?

* Solution of mixed-dimensional PDEs
 Solution of PDEs in complex geometries

* Solution of highly nonlinear PDEs
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Hydrodynamics of floating structures
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Hydrodynamics of floating structures

We use Unfitted Finite Element methods:

N\,
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(a) CutFEM (b) AgFEM
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Hydrodynamics of floating structures

A [kg]

A [kg-m?]

A [kg'm]
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How do we use Gridap.jl ecosystem?

* Solution of mixed-dimensional PDEs
* Solution of PDEs in complex geometries

* Solution of highly nonlinear PDEs
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Solution of highly nonlinear PDEs

Dynamic mooring lines with nonlinear viscoelastic materials
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Solution of highly nonlinear PDEs

Dynamic mooring lines with nonlinear viscoelastic materials

10 l 1.500e+6

5 — 1.000e+6

| Stress (Pa)

o N
[8,]
incipa

L 5.000e+5"
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Pri

Time: 700.00 s
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What are the issues here?

* Geometrical nonlinearity (large displacements)

12.5

* 1D structure in a 3D domain 0 oo

7.5
5 — 1.000e+6 @

(Pa)

2.5

‘
| St

* Dynamic behavior

2

— 5.000e+5 0

-0 3
10 15 20 25 30 35 40 45 50 55 60 65 70 75 I

Pri aql

 Snap loads (shocks)

* (nonlinear) viscoelastic material
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How does Gridap.jl help?

22,5
20

* Geometrical nonlinearity (large displacements) .
* 1D structure in a 3D domain o e
 Dynamic behavior J

Pri

10 15 20 25 30 35 40 45 50 55 60 65 70 75 I

 Snap loads (shocks)

Time: 700.00 s

* (nonlinear) viscoelastic material

Tangential Differential Calculus

Xer o pi—divpou)—b(x)=0 Vxel,
_ po(X)—DivpK(u) - B(X)=0 VX ely,
Parameterised
“--->
TAN & Ty, XaN * re [0, LO]
—_— 7 * X,y = X(r = 0) Anchor position

* Xp = X(r = L) Fairlead position

]
TUDelft 31




How does Gridap.jl help?

22,5
20

17.5

* Geometrical nonlinearity (large displacements)

12.5
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 Snap loads (shocks)

Time: 700.00 s

* (nonlinear) viscoelastic material

Implicit ODE solvers with Automatic Differentiation

®(u,v) = [( ( v-(pkatt(u)) + (V(v)' - Q7) @ (Ke(QT, P, V(u)), ) ) x 3 )da - [( (v - Fp )*J )d0

op_S = TransientFEOperator(#, U, V)
ode_solver = ...
u, = solve(ode_solver, op_D, t@, T, (ue,uey))
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How does Gridap.jl help? i ——
)\ K
= A
* Geometrical nonlinearity (large displacements) 7, X,
T 7
1D structurein a 3D domain T,
* Dynamic behavior n, . K,
 Snap loads (shocks) Y
* (nonlinear) viscoelastic material Eve 8()(U)D<J‘T(f)+81(“)f AD (1) — (T ))M

Implicit ODE solvers with Autorygatic Differentiation

u

Vv
£ = ...
#(u,v) = [ ( v-(pxott(u)) + (V(v)' - Q") © (Ke(Q", P, V(u)), &) ) xJ)da - J( (v - Fp )xJ )dQ

op_S = TransientFEOperator(#, U, V)
ode_solver = ...
u, = solve(ode_solver, op_D, t0, T, (ue,uet))

e
TUDelft




How does Gridap.jl help?

* Dynamic behavior ->Transient PDEs

* Snap loads (shocks) -> Implicit solvers with AD li froey

* Geometrical nonlinearity (large displacements) J
* 1D structure in a 3D domain -> Tangential Differer

Time: 700.00 s

* (nonlinear) viscoelastic material -> Handling of state variables + AD
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How do we use Gridap.jl ecosystem?

* Solution of mixed-dimensional PDEs
* Solution of PDEs in complex geometries
* Solution of highly nonlinear PDEs

* Many more...
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How do we use Gridap.jl ecosystem?

Advanced FEs for moving domains with topology changes
(GridapEmbedded + GridapTopOpt.jl ?)

LLLLLL

HPC for turbulent flows GridapSolvers.jl
(GridapDistributed.jl) GridapROMS.jl
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Want to know more?

j.o.colomesgene@tudelft

m https://www.linkedin.com/in/oriolcolomes/

https://tudelftcmoe.super.site/

Thank you!
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