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What Outcome is Expected of Mathematics Today?

Problem-solving Type Collaboration Focusing on Mathematics

th

n

N—1
el

—%

Junichi NAKAGAWA

2

%

BN REEZLENCDDICEZIRAEAS EV O BFNBRZENH A e REHA THRARRETZ
340, () BRAICSVHRIEL 24D TREMFROREBEE £ 5 AMBEDIRREBSHICTEZ
& QHRPICIVBEL BREAE D EICHRTFORMESOBIBEELS 2 &£, (3) HifOHO%ED<
DEMIOEERGPHEANDBBEER) A /RX=2 a3 L IIRIFR2 8, ShEPEFEEIT7ICLRER
REDEHEDBETONTHY, RBIHEEEFICLT, TOEWEETRL

Abstract

My principle for problem-solving collaboration focusing on mathematics is as follows. 1)
Clarification of the principle of the problem by looking at a real-world problem in an abstracted
framework using mathematics. 2) Reconstruction of the existing technical concept based on the
constructed framework and creating a new technological concept by “think from zero” using
mathematics. 3) Applying the technology and attempting to promote it among the manufacturing
field and society, and leading them to innovation. Mathematics motivates manufacturing field and
society. I showed the effectiveness of collaboration for solving social problems using examples
regarding the heat conduction inverse problems.
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Diagnose the blast furnace inside phenomena using
heat flux reconstructed from the measured data

Inverse Heat Conduction Problem
in the Blast Furnace

Variation is big in the vicinity of state change
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Application of inverse heat conduction problem to blast furnace
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Comparison of engineering thinking and mathematical thinking on inverse heat conduction problem in blast furnace

_ Engineering Thinking Mathematical Thinking

oT aZT Unsteady heat conduction
—_— Y — (1) equation which shows heat
ot 6‘x2 balance of refractory inside

Initial conditions which show
initial temp._ distribution of
refractory inside

Tx0)=1,(x) @

Boundary conditions which
show heat conduction through
refractory inside wall surface

oT
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Boundary conditions which

o (4) show heat conduction through
T (] > { ) _]1 (t ) refractory back wall surface
_ Used for error judgment of
T(-Ax,0)=T,(?) (5) variation method

Parabolic partial differential
equation

Initial conditions

Neumann boundary
conditions

Dirichlet boundary conditions

Neumann boundary
conditions
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Thermocouple arrangement and setting of positional
coordinates in blast furnace refractories
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Expression of elementary solution of mathematical

technique for inverse heat conduction problem (B.C. shows

boundary conditions and I.C. shows initial conditions.)
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Steel ladle & Thermocouple arrangement outline for adequacy test of inverse problem analysis
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Example of the outer well temperature of the steel ladle
measured by infrared thermography camera
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Example of verification result of mathematical technigque for inverse heat conduction problem
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Generalization of calculation error of inverse heat
conduction problem by dimensionless number
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Outline of laboratory experimental device used to

generalize the calculation error of inverse heat conduction

problem in engineering manner
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Workshop for Human Resources Development & Problem Solving

Bring out the hidden talents of each other, think together, and take action.
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Style of collaboration between mathematicians and corporate researchers
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