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ROM THEORY



Motivation venowszmpc

Full Order Model (FOM)

>

Reduced Order Model (ROM)

offline  computational cost

number of solve calls
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Parametrized Problem venowsmpc

Convection-Diffusion Equation:

ou
— +v-Vu—-DV?u=0
ot

Variational Formulation:

/ w (% +V- (vu)) dx —|—f Vw - (DVu)dx =0
o \ot Q

Semi-Discrete Problem:
du

M = (K = L)u
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Parametrized Problem venowsmpc

State Variable at Time ¢:
u; = Upef + Ay

Adapted Time Discretization:

(Mo — ALK — L)] (Uper + Attgrq) = [Me + (1 — O)AL(K — L)] (Wer + Auy)

Residual:
Ri(us) = R(Uper + Aug(t; p), 15 p)

Given:

Ri(u;) = Mg — ALK — L)] (Uper + Ausrr) — [Me + (1 — 0)At(K — L)] (Urer + Auy)
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Parametrized Problem

Residual:

Ry (

Jacobian (Derivative of Residual):

IR
Jp= —
aut+1
Newton-Raphson Iteration
IPW®; wp® = —RO@®; )
A = AP + o pld

7 - F2F meeting

u D = y® 4 A&t

ut) — R(uref + Aut(t;.u')at; nu')

= M¢ — 0AHK — L)

v eFlows4HPC
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Parametrized Problem

FOM Assembling:

. I I venowsmpc
"p; ;L)

L
T
A = A+ ®= LR
ugk-l—l) — urk) + All(k_H),

k) (u(k) (k) _ (k) (u(k)

A

v.y at Node 9599 for v; — 6.0 (Re — 100)
031 — Fom
0.2
0.1
n
3
0.0
~01
-0
0 § 1 15 P 2% 30
68298elements o
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Approximation venowsmpc
Space

(Parametric
EXxploration) AT =
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Approximation
Space

(Parametric
EXxploration) AT

v eFlows4HPC
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Approximation venowsmpc
Space

(Parametric

EXxploration) AT =

N .
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Approximation
Space

(Parametric
EXxploration) AT

v eFlows4HPC
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Approximation

v eFlows4HPC

Space
(Parametric
Exploration) A= - ur(pp)
® D
© @
® @
o 28 ST
o © o//
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Right Reduced venowsmpc

Order Basis
(ROB)
Ao
N x (T % P)



Right Reduced venowsmpc
Order Basis
(ROB)

Singular Value Decomposition:

nxmn

nx (T x P)
~ > vr
- A & TXT rxd
nxd - nXT
U b)) vT
nxXn nxd dxd

Nxn
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Right Reduced veFlows4HPC
Order Basis

(ROB),"\
I

\

\ Singular values and relative error
‘ 10 —— Singular values
1 nxXn ’H.X(TXP) b 102
I 10!
s —, S w
— -4 8
I e — L 10 §
e, 5 -
I @ t—% K
I — ——————— 5 s
O —
I &, 1075 1 10
‘r x n 0 100 200 300 400 500
Number of modes n

4

Note that: Where:

A" =®,3, VI +E n<<N
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Right Reduced venowsmpc
Order Basis

(RO B) Reconstruct each solution field with only few coefficients.
A~ A
Nxn
Note that: Where:

A"=®,%,V] +E n<N
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Right Reduced venowsmpc
Order Basis

(RO B) Reconstruct each solution field with only few coefficients.
A~ A
Nxn
Note that: Where:

A"=®,%,V] +E n<N
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Right Reduced venowsmpc
Order Basis

(RO B) Reconstruct each solution field with only few coefficients.
A~ A
Nxn
Note that: Where:

A"=®,%,V] +E n<N
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FOM (k)(u(k) n,)p(k) (k)(ll(k), ’-L)
Newton-Raphson Autt) = Ag® 4 o®p®
ugk+1) _ “:k) 4 Au(k+1),

NXNIN N
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v eFlows4HPC

Nxn
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FOM VeFlows4HPC
Newton-Raphson

NxN Nxn
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Galerkin o/ OIP@0; pep =
Projection Aal =

‘I’tT(k) R(k) (ﬁgk) :

~(k k) ~(k
N

n)

_ ﬁgk) L d Aﬁ§k+1),

nx N

NxN
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Galerkin HROM
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ROM Assembling:

o

n

n

L

HROM Assembling:

— -,

- —

'R, =) ®“'R;

e=1

v eFlows4HPC
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Galerkin HROM

) WP Ry =0,

€ECZ

ECM HROM Selection Strategy: Visual Representation
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eFlows4HPC

ECM HROM Selection Strategy: Error Evolution
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J.A. Herndndez, A multiscale method for periodic structures using domain decomposition and ECM-hyperreduction, Comput. Methods
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ROM vs HROM eFlows4HPC

6216elements—Speed up: 49
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Real Time Results W eFlowsanpc

N\ EdgeTwins
IKRATOS CIMNE®

MULTI—HYSICS EXCELENCIA
SEVERO
, OCHOA




. L Y
Real Time Results eFlowsaHPC

|<RAT.3

MULTI—PHYSICS

<N SIEMENS
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Real Time Results BV eFlowsaHpc

28-F2F meeting 26/10/2023
e |



NONLINEAREDUCTION



Manifold VeFlows4HPC
M= fu() | e P) C BV
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Manifold: Linear Approximation venowszmpc
M" ={u(p) | p e P} C RV

V" := col(P)
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Manifold: Local Linear Approximation (Nbnear) VeFlowstlHPc
M= {u(p) [pe P} c BV
a~ D(p) = ®,p

V" := col(®;)
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Manifold: Quadratic Approximation (Ndmear) VeFlowslePc
M" ={u(p) |pe P} C RV

i~D(P)=2p + Hp® P
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Manifold: Neural Networks (Nelnear) venowszmpc

MV ={u(p) | pePr} c RY crcoer

i~ D(p) = NN (p)

h

M
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Summary v eFlows4HPC

' N
POD Neural Networks
N
4 Y
Global Local Q
A
'd N
Quadratic M‘ Lineal M.
AL
r N
Galerkin LSPG Petrov-Galerkin
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DEMO

https://shorturl.at/fxABR



D emo eFlows4HPC

@ cio ~ oct 17 10:22 AT

GiD x64 Project: UNNAMED (kratos) - 7 &

Files View Geometry Utiites Data Mesh Calcuate Kralos Help

\@@bb@\ﬁ\ﬁeg\@f Fluid = :}|®%
Double: r off e window

Layers  Groups

¥ 4 Fluid BXKBERABTHE

* Analysis Type Name w | G 1O FU Tr B

Q
0 .. N
S

Initial Conditions * Layer0 v |

¥ P Automatic inlet velocity
¥ & group: Inlet/niet1
[ by function -> fix;y,2): Yes
[ Function: °y" (1-y)"sin(pi*t"0.5)
[ Normal direction: Inwards
() Time interval: inlett
- & group: Inlet/inlet2
-] by function -> fixy.z.): Yes
-] Function: 6°y* (1-y)
() Normal direction: Inwards
D Time interval: inlet2
= OUNETpressure

-=%.slip

e O
§Custom velocity constraints
@ solution

77 Resuils H

3 Add SubModelPart
G Materials
@ units

ERORPARY- XIS

HNEATOSemg By

Assigned to 1 new entities :
Leaving assign mesh criteria to entities -
Command &

Zoom:x 1.2 Nodes: 0, Elements: 0 Render: normal Layers: 3 ( 4.09366,-0.7566377, 0) Pre
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D emo eFlows4HPC

P Files = oct 17 10:25

Home  Desktop  ThingsToEraseASAP  Flow2d.gid

0 Recent
pl m
* starred = b o o
&t Home flow2d.mdpa  flgf2d.Nsh FluidMaterial ~ Mafikraxgs.  ProjectParam
>_ s.json py eters.json
O Desktop

[E) Documents
& Downloads
J1 Music

& Pictures
2 Videos

% Trash

£ ProblemFiles

+ Other Locations

GiD
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Demo v eFlows4HPC

Activities B Files ~ oct17 10:28

it Home Downloads wWorkohopE...82604Z-001 WorkshopExamples =

U Recent

a = (o] ©

% Starred

demo.py demo_in_ flow2d.mdpa FluidMaterial ProjectParam
{af Home JupyterNoteb s.json eters.json
ook_for_cCo...

[ Desktop

[E pocuments

4 Downloads
I Music f
N \ \ Other parameters:

2 videox Scripts to launch Eluid boundary conditions,

% Trash . .
s the demo using Properties solver settingsetc

the RomManager

+ oOther Locations

Geometry
data
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eFlows4HPC

Activities ) Visual Studio Code ~ oct 17 10:29
Y demo.py - Visual Studio Code

File Edit Selection View Go Run Terminal Help

home > jrbravo > Downloads > WorkshopExamples-20231017T0826042-001 > WorkshopExamples > @ demo.py > ..

ef CustomizeSimulation(cls, global_model, parameters):
CustomSimulation(cls):

ef _ init_ (self, model,project parameters, custom param = e):
super().__init_ (model,project parameters)
self.custom param = custom param

Customize as needed

f Initialize(self):
super().Initialize()

Customize as needed
FinalizeSolutionStep(self):
super().FinalizeSolutionStep()
Customize as needed
CustomMethod(self):

Customize as needed

return self.custom_param

return CustomSimulation(global_model, parameters)

44

®oA1 Wo Ln44,Col63 Spaces:i4 UTF8 LF {} Python 38.1064bit [?
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eFlows4HPC

Activities Visual Studio Code ~ oct 17 10:29
demo.py - Visual Studio Code
File Edit Selection View Go Run Terminal Help
demo.py X

home > jrbravo > Downloads > WorkshopExamples-20231017T08 -001 > WorkshopExamples
CustomMethod(selT):

demo.py > ..

Customize as needed

return self.custom param

urn CustomSimulation(global_model, parameters)

UpdateProjectParameters(parameters, mu=

Customize Pre rameters here for imposing different conditions to the simulations as needed

parameters["processes" bound conditions prc list"][®]["Pa rs"]["modulus"].SetString(f"{str *sin(pi*t*0.5)")
parameters[“processes boundary conditions prc i rameters"] ["modulus"].SetString(f"{

return parameters

UpdateMaterialParametersFile(material parametrs file name, mu):
pass

fatRamMananarParamatarcFvamnlall) -
X ®oA1 Wo Ln44,Col 63 Spaces:4 UTF-8 LF {3 Python 3.8.10 64-bit
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eFlows4HPC

Activities Visual Studio Code ~ oct17 10:30
demo.py - Visual Studio Code

File Edit Selection View Go Run Terminal Help

home > jrbrave > Downloads > WorkshopExamples-20231017T0826042-001 > WorkshopExamples demo.py >

"create_hrom visualization model part" : false,
"echo_level" : 0

return general_rom manager_ parameters

Examplel():
mu_train = [[1]]

general_rom_manager_parameters = GetRomManagerParametersExamplel()
project_parameters_name = "ProjectParameters.json"

rom_manager = RomManager(project parameters_name,general_rom manager_parameters,CustomizeSimulation,UpdateProjectParameters,UpdateMaterialParametersFile)

"""if no list "mu" is | d, case already contained in the ProjectParametes and CustomSimulation is launched (useful for example for ingle time dependent sinj
rom_manager.Fit(mu_train)

rom_manager .RunHROM(mu_train)

rom_manager.PrintErrors()

Example2() :
mu_train = [[
mu_test = [[5

41,1611
1. 1711

general_rom_manager_parameters = GetRomManagerParametersExample2()
project_parameters_name = "ProjectParameters.json”

X ®oA1 Wo Ln44,Col 63 Spacesi4 UTF-8 LF {3 Python 3.8.1064-bit LT
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eFlows4HPC

Activities ) visualStudio Code ¥ oct17 10:30
» demo.py - Visual Studio Code

File Edit Selection View Go Run Terminal Help
wnloads » WorkshopExamples-
ef GetRomManagerParametersExamplel ()

y modify all the parameters for the ROM simulation.
ect is s y nside the RomMa

["RO
["ROM" , "HROM"

runcation_toleran
name"
inknowr

r_decompos

urn general rom manager parameters
Ln44,Col63 Spaces:4 UTF8 LF (3 Python 3.8.1064-bit (3
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D emo \y eFlows4HPC

ParaView 5.7.0

File Edit View Sources Filters Tools Catalyst Macros Help

P BRO o Fm@G AP DS tmels -|ao [t|maxisise) Ty By

B B2 2S¢ S fe o vELOaTY ~ || Magnitu ~ | | wireframe - :“; Q gﬁ u 3;{ 4:3 353 Qi Qn 90 ‘E‘@ @ @
E9UUOBVIOES20 e P

Pipeline Browser ®| [layout #1® | +
i builtin: B0om o NN K NN BE R A Renderview1 D 8|0[®| & & = & & QuartileChartview1 (@B 0] &)

@ = Fluid_computational_model part 0
|+ PlotselectionOverTime2 034
& =@ Fluid_computational_model_part_0
| PlotselectionOverTime1 032
=@ fluid_computational_model_part_0 03
|+ PlotSelectionOverTime3
0328
026
024
< »
— 022
| Properties | information | |[NNSSSSSSSSEES
Properties B8 02
@ % 1 o1e W
|search ... (use Esc to clear text) [E3) 016 :“
= properties (ruid_c |[B] (@ (@& o4 P
. . 012 i
= Display (Unstructu || || B | @ || B |[EEESs orees ;
A —_—————— i
Representation | wireframe - a1 i
i
008 !
Coloring i
| o vELOCITY ~ | Magnitude  ~| 006 :
004 !
!
002 :
Opacity —) |1
0
Line width 1
Bl oo
Render Lines As Tubes ‘é
3
Lighting § -0.04
specular =0 E ooe
O [y
Data Axes Grid | Edit ¢]
Maximum Number oo > e
OF Labels
. —— 0,12
= View (Render view (D | B @[/ & -
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eFlows4HPC

oct17 10:30

demo.py - Visual Studio Code
File Edit Sel n View Go Run Terminal Help
demo.py 1 X
home > jrbravo > Downloads > WorkshopExamples-20231017T082604Z-001 > WorkshopExamples > # demo.py > -

cxampLel():
mu_train = [[1]]

general_rom_manager_parameters = GetRomManagerParametersExamplel()
project_parameters_name = "ProjectParameters.json"

rom_manager = RomManager(project parameters_name,general rom manager parameters,CustomizeSimulation,UpdateProjectParameters,UpdateMaterialParametersFile)

""if no list "mu" is passed, the case already contained in the ProjectParametes and CustomSimulation is launched (useful for example for a single time dependent sif|
rom_manager.Fit(mu_train)

rom_manager.RunHROM(mu_train)

rom_manager.PrintErrors()

Example2():
mu_train = [[4],[6]]
mu_test = [[5],[7]]

general_rom manager parameters = GetRomManagerParametersExample2()
project_parameters_name = "ProjectParameters.json"

rom_manager = RomManager(project parameters_name,general rom manager parameters,CustomizeSimulation,UpdateProjectParameters,UpdateMaterialParametersFile)
'""if no list "mu" is passed, the case already contained in the ProjectParametes and CustomSimulation is launched (useful for example for a single time dependent
rom_manager.Fit(mu_train)

rom_manager.Test(mu_test)
rom_manager.PrintErrors()

if __name_ == "_ main

Example2()

X ®oA1 Wo Ln44,Col63 Spacesi4 UTF-8 LF {} Python 3.8.1064-bit
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EFLOWS4HPC USE CASE



Manufacturing Industry W crlowsanee

G _DoB4 XX 00020

SimoticsH compact PLUS

Schematic airflow
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Manufacturing Industry W erlowsape

APPLICATION &
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Model Definition

v eFlows4HPC

04m

SimoticsH compact PLUS

0.2m

0.1lm

d

Stator

0.04 m

10 million
elements
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Rotor
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Convection Using Navi&tokes W erlowsape

2

Snapshot of Velocity Contour Field with
Sliding Mesh (t=4 sec).

VELDITY Magndude
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Convection Using Navi&tokes W cFlowsanpe

200 RPM

L I
Snapshot of Velocity Contour Field with Relative Temporal Average Velocity for
Sliding Mesh (t=4 sec). Various RPMs (Mesh Velocity Subtracted).
400 RPM
vj E v-’ kj éo
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Thermal solution venowszmpc

—TEMPERATURE (stats)

3.3e+02

ISARTOSHy

MUL TI—PHYSICS

2.8e+02 -lo 5 0 5 10 15 20 2 30 3 4 a5 50

Solution of thermal case.

52- F2F meeting 26/10/2023




Validation

v eFlows4HPC

A 4

SIEMENS

Velocity: Magnitude (mis)
227

A 4
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2D Demo Case eFlows4HPC

v

3D cut plane used for building 2D
simplification.
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Convection Interpolation usingZyRB W crlowsanee

200 RPM 300 RPM 500 RPM

400 RPM

55- F2F meeting 26/10/2023




Thermal solution venowsmpc

FOM FOM

TEMPERATURE
TEMPERATURE

oz & o< X

|< Muurl:';g zzwz |< Ml.u.TlIl—?sE g :Te 02
Temperature Field at 4200 secs for 200 RPM. Temperature Field at 4200 secs for 400 RPM.
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High-Performance Computing: Parallel Workflow VeFlowstlHPc

Data for non-intrusive approaches

Stage 2
oy — H H distributed
@ d | SI | b u‘;%&\t& library
m -
:;’ ; RV xm > SVD > @ eRrV<N
o, > Validation 1 [<—
@dislib “ ., § e RNxm .
computing library e T ~
1
Validation 2 x Ry € RNerx
Depl d; e RV
d,. € RV. - *
A /‘R»m € RNarx '(_,”’?‘
. 4'/ - Stage 3 @
(E,w) G € R¥xNe S, € RNexN-m&

H 1 distributed
@ Stage 4 @ d |S||b computing library
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High-Performance Computing: Decorator W cFlowsanpc

Stage 1

H1 —> FOM d; € RN@ @constraint (computingUnits=argv[2])

1y d, ERN\\‘\:LS » @task(returns = 3)

E ExecuteInstance Task(pickled parameters,Cases,instance, path):

=

Moy FOM d, € RV / L_: d_parameters

current_parameters = K

serialized parameters.Load("P:
| (serialized parameters)

sample = GetValueFromListList(Cases,instance)

Ky - Iﬁm‘ . H simulation = Trai current _parameters,sample, path)
€ gmxn N simulation.Run()
A “m snapshots = simulation.GetSnapshotsMatrices()

control_point matrix = simulation.GetSolutionsAtControlPoint()

/“p [ <aa o - 4 return snapshots[@], snapshots[1], control point matrix
MULTI—PHYSICS
* Distributed in muiple nodes eRm
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ConvectionDiffusion Parameters venowswc

g1 = 50,000 W /m” withw; — 200RPMs 4|
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ConvectionDiffusion Parameters venowswc

g = 62,500 W /m® with ws = 250 RPMs
AN

< :

g1 = 50,000 W /m” with w; = 200 RPMs

60- F2F meeting 26/10/2023
O GGG



ConvectionDiffusion Parameters venowswc

D g1 = 50,000 W /m” withw; = 200 RPMs
@ = 62,500 W /m” withws = 250 RPMs
g3 = 75,000 W/m’ withws = 300 RPMs
" g1 = 87,500 W /m® with ws = 350 RPMs
® g5 = 100,000 W /m?® with ws = 400 RPMs
gs = 112,500 ‘W/m2 with wg = 450 RPMs
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ConvectionDiffusion Parameters: Parallel Simulations venowstmpc

62- F2F meeting

g1 = 50,000 W /m” withw; = 200 RPMs
@ = 62,500 W /m” withws = 250 RPMs

_, @3 =75,000W/m’ withw; = 300RPMs
g1 = 87,500 W /m” with ws = 350 RPMs
g5 = 100,000 W /m?® with ws = 400 RPMs
gs = 112,500 ‘W/m2 with wg = 450 RPMs
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ConvectionDiffusion Parameters: Parallel Simulations VeFlowstlHPc

Node 1 Node 2
______ . D g1 = 50,000 W /m” withw; = 200 RPMs
S N ¢ = 62,500 W/mz withws = 250 RPMs
| g3 = 75,000 W/m” with ws = 300 RPMs
‘o o | gs = 87,500 W /m” with wy = 350 RPMs
‘o @5 = 100,000 W/m” with w5 = 400 RPMs
" g6 = 112,500 W /m? with wg = 450 RPMs
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) ) ) ) ) eFlows4HPC
ConvectionDiffusion Parameters: Parallel Slmulatlonsv

Node 2

D g1 = 50,000 W /m” withw; = 200 RPMs
@ = 62,500 W /m” withws = 250 RPMs
g3 = 75,000 W /m” with ws = 300 RPMs
Sl ies g gs = 87,500 W/m” with ws = 350 RPMs
® gs = 100,000 W/ m? with ws = 400 RPMs
e v gs = 112,500 ‘W/m2 with wg = 450 RPMs

Node 3
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High-Performance Computing: Parallel Storage

Hi —>

FOM

—>»d; € RN

> d, € RY = N

Hy ——
a) .

FOM

Moy —>

FOM

| > d,, e RV

H1—>

FOM

> S, ¢ RN XN¢

_),Sze.RNth i N

b) u’-2—)"

FOM

M m—>

FOM

- > S, € RVxN:
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1 H distributed
@ dlSIlb computing library

v eFlows4HPC
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HighPerformance Computing: Parallel SVD (Tall and VeFlowstlHPc
Skinny QR)

1
Her T J

@ dlSIlb ‘ Egsr;rpi)%itﬁglibrary
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HighPerformance Computing: Graph

Data for non-intrusive approaches

Stage 1
#—» FOM | d; eRY
ty —>» FOM |—d eJR"’\
K 2 - \SE

/

RV xm

Stage 2

P T e

G

Stage 5
M1 —> HROM |—> d; e RV

K2 —> HROM *’agGRN\’—

5

b [ HROM > o e RV

SVD )—»@eRN*N

Validation 2

RNV xm

g N
SeRNI

Stage 4

(E’w)c € le‘ S, € RN xN.,,.'Z

d; e RV Y
Ry € RVax] ROM J=—

ds € RV

‘R.ZER"'«":>-<_

d,. ER
Rom € RNatX

o et

Stage 3

s m\‘}j

Graph of the Workflow execution using the-Sonulation Example
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High-Performance Computing: Demo Results venowsmc

FOM HROM

TEMPERATURE
@
o
TEMPERATURE

I 2.9e+02

Temperature Field for [62500, 250] Configuration at 5000 seconds.

2.9e+02
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FOM HROM

TEMPERATURE
TEMPERATURE
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Temperature Field for [100000, 400] Configuration at 5000 seconds.
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v eFlows4HPC
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Fluid and Solid Control Point Response for [62500, 250] Configuration at 5000 seconds.
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Solving + Solving +
Construction Projection Total Construction Projection Total
Model (Solid) (Solid) (Solid) (Fluid) (Fluid) (Fluid)
ROM Q72 2225 305 0.84 6269 6.41
HROM 113 2419 456 20 5996 1352
HHROM 154 38.52 6.37 55T 260.80 40.39

Speedups for Configuration 1 (RPM of 250 and heat flux of 62500

W/m3)
Solving + Solving +
Construction Projection Total Construction Projection Total
Model (Solid) (Solid) (Solid) (Fluid) (Fluid) (Fluid)
ROM 0T 274 303 0.86 64.42 6.61
HROM 115 24.56 472 210 6213 1410
HHROM 156 3933 6.50 5.84 275.32 42.27

Speedups for Configuration 2 (RPM of 400 and heat flux of 200000
W/m3)
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External heat flux:
2000 W/m"2

\_—'/

Ambient Radiation:
Emissivity = 0.8 at

283.15 K
Fixed Temperature: Ambient Convection:
303.15 K Convection mer
Coefficient = 100 iy
W/m~2/K at 283.15 K E;:
. S " e
L. =
me
External heat flux:
2000 W/m”2
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~-(] Dimension: 2D
s Convection-diffusion
b+ Analysis Type
- § Parls
= & group: Body
(] Material type: Convection-diffusion material
(] Material: Gold
[ Density: 19300.0 kg/m?
i [ Thermal conductivity: 310 Wi{m-K)
L[] Specific heat: 125.6 J/{kg-K)
P @ Time intervals
- Initial Conditions
- Temperature
< & group: Body//Initial
+ [ by function -> f(x,y 2 1): No
] Value: 303.15 K
- o Conditions
- = External heat flux
b 8 group: Top_wall
b & group: Bottom_Wwall
+-“ju Imposed temperature
b- 8 group: Left_Wall
== Thermal face conditions
b- 8 group: Right_Wall
> @@ Solution
D7 Results
k4 Add SubModelPart
<]

i~ [ Write elements: False
. [[]] Write conditions: True
s Q Materials
- [ Units
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Outer part: Central part:
Name Name
lo| ConvectionDiffusionMaterials_outside.json lo| ConvectionDiffusionMaterials_center.json
|=! GUI_test_outside.mdpa |=| GUI_test_center.mdpa
= | MainKratos.py = | MainKratos.py
\=| ProjectParameters _outside.json lo| ProjectParameters_center.json
}A /

= ConvectionDiffusionMaterials_center.json
o ConvectionDiffusionMaterials_outside.json
=| GUI_test_center.mdpa

= GUI_test_outside.mdpa

|=] MainKratos.py

o/ ProjectParameters center.json

=) ProjectParameters CoSimulation.json

= ProjectParameters outside.json
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Coupled ROM: Temperature
77-F2F meeting Contour Field
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