Examples of the use of Al in
solving problems from
engineering practice

©

EURO NATIONAL COMPETENCE
CZECHIA CENTRE IN HPC



©

EURO
CZECHIA

o @ o | 1

A=/

1

[0

Lad
| 0 dl
"1 3
o [T I s 8
| .;ﬂ' B I e

0




EURO
CZECHIA

ENERGY SECTOR




EURO
CZECHIA

oc
O
-
O
L]
Vg
S
O
oc
[LL]
<
L]




Platen
superheater

Heat
exchanger
section

ENERGY SECTOR

Combustion
chamber
wall of CC
are

evaporating
part of the
boiler

Mill dryers

Primary
mixture
ducts

Coal+Air

4{ superheater |

Reheater

superheater

Feedwater
heater

-

Reduction of NOx by Selective Catalytic
Reduction (SCR) technology

‘ Exhaust inlet

4
@
o
S
g

=

Injection

SHl

1%t Catalytic layer
214 Catalytic layer

31 Catalytic layer

| Slag hopper |

Coal burners

| Waste-vapour burners ” Ash hopper I

i
1[
Electrostatic !

precipitator

Flue Gas
desulphurisation
SO, removing

Air heater

EURO
CZECHIA




EURO
CZECHIA

ENERGY SECTOR




ENERGY SECTOR

EURO
CZECHIA

Variant A5 CFD analysis
Exhaust inlet Exhaust outlet ESI OpenFOAM v2112
* Steady-state solution
* SIMPLE algorithm

e k-epsilon turbulence model
* Turbulence intensity 10%
Velocity inlet — 2.4 m/s

* Pressure outlet—0

* Exhaust temperature 500°C
* Exhaust density 0,52 kg/m?3
* Stopping criteria 1le-4 3x
* Pure hexahedral mesh
* 1.275 Million Cells

l¢

Postprocessing
* Uniformity of velocity profile
evaluation in defined slices

Exhaust

inlet
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Exhaust
outlet

Geometry parametrization

je

Main parameters:

VELOCITY={2 --- 4 } [m/s]
X={2 20} [m]
Y={0.5X - X} [m]
U={0--Y}[m]
V={0-Y}[m]
W=1{0,1,2 } [m]

o ={70°--90°}

Postprocessing parameters:

A=0.1Y
B=0.2Y
C=0.3Y
D =0.4Y
E=0.5Y
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ARTIFICIAL NEURAL NETWORK
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Pairwise correlation visualization - 100,000 experiments — small size CFD case
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y = probability of error "x" [%]

y = probability of error "x" [%]

Error visualization for 1 hidden neuron(s)
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Error visualization for 4 hidden neuron(s)
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Error visualization for 2 hidden neuron(s)
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Error visualization for 16 hidden neuron(s)
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Uniformity index

Uniformity index

Predictions for 1 hidden neuron(s)

X = 10.90 [m]. ¥ = 6.19 [m), Alpha = 1.386 [rad), U = 5.62 [m)], Velocity = 3.89 [m/s]

=== Begining of the outiet
«  Real values
-~ Predicted vakes
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Predictions for 4 hidden neuron(s)

X = 10.90 [m]. ¥ = 6.19 [m]), Alpha = 1.386 [rad), U = 5.62 [m)], Velocity = 3.89 [m/s]

-=- Begining of the outlet
«  Realvalues
--- Predicted vakes
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Uniformity index

Uniformity index

Predictions for 2 hidden neuron(s)

X = 10.90 [m]. ¥ = 6.19 [m), Alpha = 1.386 [rad), U = 5.62 [m)], Velocity = 3.89 [m/s]
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Synthetic data — training phase
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- Implemented with Flux.jl, NN with 70 000 parameters
- 512 measurements for trainig, 32 measurements for testing
- measurements contain 10 % noise
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Synthetic data — validation
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Synthetic data — dataset size s |
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Physics-informed neural networks (PINNs) approach
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Convolutional —=> - Poolmg laye!“ Loss function
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- physics is included in the model by PDE, NN must satisfy PDE
- parameters C1,C2,... represent e.g. foundation stiffness, rail thermal stress, speed,...
- due to physics information, less training data is needed (less calibration passes -> cheaper)
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