Reduced order methods for boundary conditions estimation
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0-Motivation 1-Direct Problem
In continuous casting of steel, the mold is the most crit- A steady-state heat transfer problem for the mold domain ©Q € IR is |
ical piece of the process. There, the steel begins to solidity. considered
Its final quality is highly dependent on how this solidifi- T
cation happens. Then, to properly control the proces is Direct problem r Ceq |
necessary to know the heat flux at the mold-steel interface i |
in real time. —kAT(x) =0, Vxe/, ° Lin
A \ |
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— kVT(x) - n = g(x) Vx € 1';,, B -
—kVT(x) - n=0 Vx € ey,
h Fex /7
—kVT(x) n=h(T(x) —T¢(x)) Vxely, T ;
keR", he R" and Ty € H/2(T';,).
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M Liquid Stee.l Given a function g € H'/2(T';,,), the previous problem can be numerically y .
|| Mu.shy region solved. The discretization was made using the finite volume method. e
Solid steel
Cooling water
2-Inverse Problem
Using a least square, deterministic, approach, the The search direction is given by the
boundary condition estimation problem can be stated
as: Adjoint problem
Inverse problem i 1 M .
Given the temperature measurements T'(x;) € EA)‘(X)WLZ(T[Q](XO—T(Xi))5(X—Xz') =0, Vxel
Mold schematic [4] R*,i=1,2,...,M, find g(x) € H'/?(T;,,) which =1
_ _ _ | minimizes the functional .
Casting molds are equipped with thermocouples for the {kV)\(X) .n=20 vx €', Ul ..,
measurement of temperatures within the domain. The 1 M LUANX) n+ HhAx)=0 VxeTl
| ~ = -
goal of this research is to develop a methodology tfor the Jlg] = 5 Z[T[Q] (xi) = T(x4))7, " "
estimation of the heat flux at the boundary of the mold =1
based on these measures. where T'[g](x) is solution of the direct problem. The step along the search direction is given by the
4-Reduced Inverse Problem o Sensitivity problem
Inverse problems are well known for being ill-posed.
We apply a segregated approach for the reduction, i.e. To solve this problem, we use Alifanov’s regular- —kAIT (x) =0, Vx e,
we make a POD-Galerkin projection of each problem ization method which is conjugate gradient method
(direct, adjoint and sensitivity) on the respective reduced applied on the adjoint equation [1]. — kVOT (x) -n = §g(x) Vx € Ty,
basis space. | —kVoT(x) -n=0 Vx € 1oy,
The parameters of the inverse problem are the measured _kVOT(x) -n = h(6T(x)) Vx € Ty;.
temperatures. To reduce the number of parameters, we
perform a SVD on a set of experimentally measured tem-
peratures the first few SVD modes. The values of the
parameter for the training set are then chosen randomly 3-Full Order Results
accordingly to the probability density function of the SVD v
d Direct simulation, g(x) = —z - z - 10° poos Reconstructed boundary condition at I';,
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e Reduced basis spaces constructed using a POD ap-
proach [3].
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e Projection of each problem onto the respective re-
duced basis spaces.
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e Creation of a reduced Alifanov’s regularization
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algorithm.
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The reduction process is made using the soft- tion, we interpolate the thermo- o oz o4 0s o8 1 1z 14 16 s 5 B9 @i B BE T % iF i@ %

ware ITHACA-FV. couples temperatures on the sur- |
face they define using Radial Ba-

T sis Functions. The improvement .

-1.1e+06 -7.0e+5 -3.5e+5 0.0e+00

R e —————— is confirmed by the reduction of N
. oo the norms of the relative error. o
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