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What is KinCorr?

e KinCorr - a computer- based program for simulation
of high- temperature corrosion phenomena

 Use of numerical diffusion calculation in combioat
with thermodynamic equilibrium concepts

 The application KinCorr is parallelized along its
functions (function-master, function- slave and
function- matlab)
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Physical Modeling
and
Computer-Based Simulation



Physical Modeling
homogeneous internal attackintergranular corrosion attack

Ni-20Cr-2Ti »
. austenitic steel
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Physical Modeling

outer scale and internal attack inward-growing scale
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Inconel 625 Si low-Cr steel
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More realistic systems Diffusion in different
phasesdorrosion product
ChemApp and and substra)edifferentiation
data-bank of diffusion along alloy
grain boundary and volume
Thermodynami Diffusion

Computer

Description of moving boundary
corrosion kinetics conditions

Life-cycle of power plant materials
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Modeling
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Mathematical Modeling
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One-Dimensional problem — implicit finite-difference mehod
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Two-Dimensional Problem — implicit finite-difference mehod
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thermodynamische Unterprozessoren

. alloy grain
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boundary
conditions

main
program

A
(at. weigth, ...),

unit conversion

ChemApp
interface
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Computer Simulation of Oxidation Processes

Intercrystalline ™ |

oxidation (Cr Q) l D
movinvg Dyl l
Interface D
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Only Internal diffusion calculation

Crin at.%

p 150

Surface in micrometer
Penetration depth in micrometer
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Inner layer growth

urspriingliche Substratoberflache

urspriingliche Substratoberfliache

t
Diffusion im
Oxid (D,

T

Verschiebung der Position
des Rands: f(Zeit, Metallaktivititen)

Diffusion in
das Substrat
f,
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Crecr204=2AL.%

FeCr,0, [At.%]

Fe,0, [At.%]
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Duration = 270 hrs
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External diffusion calculation

at.%

Penetration depth in micrometer

150
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Both internal and external diffusion

at.%

Penetration depth in micrometer



Lack of diffusion data in multi layered oxide scale
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Recent work and future aspects

« Addition of outward scale growth
e Simulating the effect of shotpeening In KinCorr
« Effect of Water vapour on oxidation
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Conclusions

oxidation and internal nitridation of steels carburization of steels

The developed software It can be calculated: concentration

is capable to account for: profiles of C, Cr, Fe, etc.
mass gain as a function of time

local thermodynamic equilibriu
solid state diffusion and alloy
microstructure

The high performance of the developed softwéar&orr is sustained by a solid
theoretical background.
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Moving Interface Condltlon and Diffusion Matrix

I

time = 100 h
dimension = 1 mm

x= y=0.1um
nx =ny =10 000
t=1s
nt = 360 000
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Dy, If (1)) Is @ gbandce, > 0

Doxide Ifin (i1j) Cre =

.

0

this must be checked 360 000 times at every (i,j)

\

J

/
Dx = Dy if (i,j) is not a gbandc.,> 0



Universitat Siegen

Master

TASKS

1% —3 CPU/slave |
2
SR T T T 3> CPU /slave 2
4 i
5 e

_______ CPU / slave 2
6 gmmmmmmmmmmmmemmmmnannnna
max. 4095 slaves
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e
CN3.m

>Conchange.m

/ InitMaster.mexgle» Master.exe
> ThermoScript.m\

InitSlave.mexglx === Slave.exe

i

defOutput.m

PVM / ChemApp: get
—ShowOutput.mexglx - information from
thermodynamic database

myConf.mexglx ~|PVM:
send all data to Master:

phases, pressure, temperature

>builldODESYS.m

Berechnung.mexglx

— KillMaster.mexglx




