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1. Industrial mathematics

"Industrial mathematics focusses on problems which come fr om industry and
aims for solutions which are relevant to industry, includin g finding the most
efficient way to solve the problem.”

Virginia Postrel, Boston Globe. June 27, 2004

International Societies:

® Society for Industrial and Applied Mathematics ( SIAM)
The Bulgarian Section of SIAM was established in January 200 7.
The current Annual Meeting of BG SIAM will take place in Sofia,
December 18-19, 2013.

°

European Consortium for Mathematics in Industry ( ECMI)

°

Oxford Center for Computational and Applied Mathematics:
Study Groups with Industry (  OCCAM SGI).
The European SGI 95 took part in September 23-27, 2013 in Sofia
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European Study Group with Industry'85 (ESGI'95)
September 23 - 27, 2013, Sofia, Bulgaria

The 95th European Study Group with
Industry

ESGI'95

September 23 - 27, 2013, Sofia, Bulgaria
is organized by

Eaculty of Mathematics and Informatics, Sofia
University "St. Kliment Ohridski”,

in cooperation with

Institute of Information and Communication
Technologies, Bulgarian Academy of Sciences,

Institute of Mathematics and Informatics, Bulgarian
Academy of Sciences,

and

ECMI
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SGI' 95

® Participants: 50

®» Problems:

® Compressed representation of a partially defined integer fu nction over

multiple arguments

& Estimation of errors in text and data processing

® Optimization of the charging process in zinchydrometallur qy
® Mini-Max wallpaper

® Laboratory calibration of a MEMS accelerometer sensor

® Prediction of sanding in subsurface hydrocarbon reservoir S

® Support: OCCAM and ECMI

® Official Reprepresentatives:
® OCCAM: Prof. Hilary Ockendon, Oxford University
& ECMI: Prof. Wil Schilders, TU Eindhoven
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| W Schilders (ECM 1)

“Mathematics and Industry”

Forward Look (2011)

BOPERN
ED CIENCE Mathematlcs
LnOATION and Industry

* ECMI has played an
important role in the
Forward Look project on
“Mathematics and
Industry” organized by
the European
Mathematical Society
and the European

Science Foundation
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AComiN.SIM’' 2013

SEMINAR on INDUSTRIAL MATHEMATICS
Sofia, December 19, 2013

$ 10:30 - 12:00 AComIn SmarthLab Equipment

® 13:30 - 14:30 Mathematics as technology: good practices in v arious

industrial applications: Oleg lliev, Fraunhofer ITWM, Kai serslautern

°

14:30 - 15:30 On-going activities in industrial mathematic satlICT

°

15:30 - 16:30 Panel discussion

Participant from innovative companies are expected to take part in the event,

including representatives of national branch chambers and industrial clusters.
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Fraunhofer I TWM

Flow and Materlal Simulation - Fraunholer-lnstitul,.. http:fwww. itwm.fraunbofer.defen'departments/flo...
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Numerical Simulation Of The Cooling Process In A Porous Inert Media Gas Burner

pr LICT N

1. Introduction
Premixed

(PIM) burne:

ditional free and swir

inert me
native to the t
-stabilized flames [1, 2, 3].

zar Marge
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Institute of Information and Communication Tedmnlngl

Bulgarian Academy of Sciences

The complexity of the domain leads to big discrete prob-

lems. A parallel FEM solver is developed for the simula-

tion. The presented results are obtained on an IBM Blue-

Gene/P system.

The increased heat recirculation due to solid-solid _

radiation,
in considerably
pollutant emis

lid conduction and dispersion
higher burning velocities,
ons, higher radiant heating ra

The process of understanding of the phy
hind the combustion phenomenon in PIM fa
challenging difficulties due to problems with op-
bility, the complexity of the phenom-
ena involved and the randumﬂ of PIM. The:
fore, continuou ry in the areas
of fluid mechanics and heat transfer within PIM
and PIM property data. The burner investigated
S Silicon Carbide

tical acce:

s made of a porous Siliconized

Geometry
The computational domain consists of a porous
SiSiC material and gas phase. A computed to
mography (CT) scan of the SiSiC porous mate-
i used to obtain the geometry (see Fig. 1 and

¢ We use the 2

Fig. 2. 3D reconstruction of CT scan

s
< Our f
. conductivity

be-

coefficient
goal w: homogenized heat
fficient for the porous SiSiC n\alenal To
do so, we cut a pamlltl gram piece (4.57cm X
s i hom the scan (s
[EEL

the heat conductiv-
ity of a sol condi-
tion (BC)
and Dirichlet BC of 820 °C — on the opposite one. Our do-
main consisted only of the SiSiC material extracted from
the CT scan. We use the finite element method (FEM)
with linear tetrahedral elemen The
h is obtained directly from the voxel
image dividing each voxel into 6 tetrahedro: For the
solution we use MPI parallelized preconditioned conju-
gate gradient method with a BoomerAMG preconditioner.
BoomerAMG is an implementation of a parallel multigrid

put on one of the sides of the piece

or the computati
finite element m

" method, part of the software package HYPRE [4, 5]. The

mesh is partitioned using ParMETIS library[6].

We use formula

dT

to compute the effective conductivity coefficient r.(y,
where with ¢ is denoted the av ema_ed heat flux, with dT'
— the temperature difference and the thickness of the
piece.

In Table 1 are shown the obtained effeg ive conductivity for
h different porosity (obtained via
mentation with different cutoff value). In the cxpulmmh
= 47 was used. Since x depends nonlinearly on the tem-
peratur
ratio s/

three specimens

C material, of particular interest is the

, which is al own in the table.

15% l; 66 3. ()(J
20% 18.04 2.61
Table 1. Effective conductivity coefficients

Cooling p

D fir
ing process of a stopped porous burner. The flammabil-
ity limit of the methane-air mixture is approximately 600
C. We are interested in the time needed for the burner to
cool bellow this limit. The cooling time is of practical in-
terest for safety reasons and for the purpose of reigniting
the burner without an external spark.

cess
ite element method to simulate the cool-

kindly acknol

nning Boc

rdan A. Den

ler- [-vmh -Institut
e of Technolo

This time the computational domain contair
solid SiSiC material and a fluid (air) phase. The
whole cylind

from the CT scan data using symmetry
Fig. 4).

We solve the general heat conduction equation

Fig. 5. Sample partitioning on 64 processors

Fig 7. Initial temperature in PIM
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Fig 8. Average temperatures

0.06 0.065 0.09

(3) For the time discretization backward Fuler References

where T is the temperature, t is the time, S is
1 the thermal diff
p is the material densit

uctivity and ¢ s its specific

ion

heat.
A volumetric heat sink for the gas-phase only is
pre cribed. This heat sink accounts for the cool-
g effect of non-burning air flowing through the
media during the cool-down process. It
omputed from the following equation

S = —myre(T)(T(x t) —T(

where m,

through our
institute,

0.011[k is the air flowin
experimental setup at Engler-Bunte
the radius cylindrical coordinate of
the point; T(z;,t) is the azimuthal temperature
average with radius z; at time T, and Vol, is the
volume of the gas phase in the cylinder between
y of the solid i n’,
j/(kg.C)]. SiSiC heat con-
ductivity coefficient is interpolated from values
in a table (scc Fu, 6). mat conductivity co-
[w Gas density and
pecific heat dcpgnd on thc temperature. They
are taken from the experimentally obtained ta-
ble. The initial temperature was experimentally
obtained (see Fig. 7 and Fig. 8).

the partial support from Bulgarian N

method w sed.

On Fig. 8 are shown the solution at differ-
ent radii and times. The azimuthally aver-
aged values are shown.

The computations were performed on an
IBM BlueGene/P computer.
cons
138 700 2
used in D
01

tion too
€ be
a total simulation time of 105 seconds.
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The mesh
of 824 640 000 tetrahedrons and
vertices. The machine was
AL mode, utilizing 512 proc
n 256 compute nodes. Sample par

. The computa-
S. Tn'nuanp was chosento

s and 21 timesteps were performed for dings of

M conference on Parallel Processing for Scientific

Computing, 1997.
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Fig 6. Manufacturer data of SiSiC
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®» [,-FEM analysis of combustion in porous inert media (PIM)
The computational domain consists of a porous SiSiC materia | and gas
phase. A computed tomography (CT) scan of the SiSiC porous ma terial is

used to obtain the geometry.

Microstructure geometry of the PIM burner
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