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Research

Experimental research of heat transfer (boundary conditions), Numerical models of cooling,

Investigation of spray cooling in continuous casting, hydraulic descaling, work rolls cooling,
interstand cooling, product cooling and in-line heat treatment.
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Research

Spray Cooling Heat Treatment Continuous Casting Hydraulic Descaling Polymeric Heat Exchangers

with Hollow Fibres
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Laboratory experiments for steel industry

Conti

Cooling water (up to 90 °C) 0-10 m/min

301/s, 25 bar
2 /s, 450 bar

Linear

5 mlong
0.05-10 m/s
Tmax = 1100 °C

Rolls
636 and 318 mm
0-12 m/s

Tmax =320 °C
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Laboratory experiments for steel industry
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Linear stand — kvalita odstraneni okuji
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Impact pressure distribution (size of pressure sensor 0.2 mm)

* Nozzle 30°, 180 bar, 24 I/s
* Height 75 mm, inclination angle 0°, twist angle 0°
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Impact pressure distribution — Overlap
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Overlap and washout area — impact pressure distribution
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Overlap and washout area — erosion tests on aluminum plate
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In-line configuration
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In-line configuration
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Structure of the jet
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In-line configuration

High Performance Hot Rolling Process Through Steel Grade Dependent Influencing of the Scale Formation
and Flexible Descaling Control (HIPERSCALE)

& Code: RFSR-CT-2014-00010
£ Duration: 7/2014-12/2017
B Financing: Research Fund for Steel and Coal

Progresivni vysokotlaké hydraulické systéemy

Obdobi redeni: 01.07.2017 — 30.09.2019

UTVARY LaboratoF pfenosu tepla a proudéni
- spolupfijemce (01.01.2016 - 31.12.2018)
Vysoké uéeni technické v Brné
- odpovédné pracovisté (01.01.2016 - 02.08.2019)
SIGMA DIZ spol. s r.o.
- pfijemce (01.01.2016 - 31.12.2018)

ZDROJE FINANCOVANI Evropska unie - OP PIK - Aplikace
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Uplatnéni vysledku v praxi, ekonomicky dopad, neekonomické

prinosy
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Celkovy hydraulicky vykon stavajiciho ostfiku okuji pro horni stranu ostfiku je pak:

P=Q (Is)* p (PMa) * pocet trysek = 71,04/60 * 15 * 17 = 301,9 kW.

Celkovy hydraulicky vykon nového optimalizovaného ostfiku okuji pro horni stranu ostfiku je:

P = 34,29/60 * 15 * 24 = 205,74 kKW.

Uspora energie pro horni a spodni ostfik okuji potom &ini 2 * 96 = 192 kW.

Pfi celoroénim provozu (310 dni) a 12 hodinovém vytizeni denné Ize pfedpokladat uspory

714 240 kWh. Primarni ostfik je ve valcovnach casto instalovan ve dvou sadach, takze
dostavame uspory 1 428 000 KkWh za rok.

Pro dalSi vyhodnoceni pfinost nasazeni nového ostfiku okuji v tomto ukazkovém prikladu byl

vyuzit kalkulator EPA (United States Environmental Protection Agency) na strankach
(https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator):

Dle vypoctu z kalkulatoru EPA vyplyva, Ze snizeni emisi CO2 za jeden rok pro tento ukazkovy
piiklad primarniho ostfiku okuji ¢ini 1 010 tun. Dalsi vyjadfeni uspor dle kalkulatoru EPA je
zZnazornéné na obrazku (Fig. 61).
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In-line configuration
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Fig. 38 Vliv uhlu natoc¢eni na rozloZzeni impaktniho tlaku. Odshora 0°; 0,4°; 1,25°a 2,5°
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Principle of Measurement T

____________________________

0 10 20 30 40 0 80 70 80
Time [s]
|
300 ]
280
260
240 &
g E 70|
2
E 220 = 600
g 5
& 200 2 so0f
g 5
@ 400 |
= 180 I
300 |
160 »
200 |
140 Surface Temperature 100 | i ‘ l ‘ ‘
A R . - . - J 0 n I
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time Step Time Step 1/100 [s]

UNIVERSITY
OF TECHNOLOGY

' Heat Transfer and Fluid Flow Laboratory 20
Brno University of Technology, Faculty of Mechanical Engineering

Y



Data processing, HTC, Simulation

Experiment Inverse task Boundary conditions Simulation
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Optimalizace chlazeni

voestalpine Stahl, Austria

2012, FM, FO-F6 -
saved water: 41%, 24 000 |/min for rolling line -
stop two pumps with 600 kW motors

savings were estimated at 600 000 EUR/year -
reduction in CO, emissions of 3,156 tons per
year

US Steel KoSice a s, Slovakia HYUNDAI STEEL, Dangjin, Korea

— P

<Source> https://en.yna.co.kr/ https://www.stuff.co.nz/
https://www.hyundai-steel.com/

2015, HP 1700, HO-H11 - 2019

extension and prolongation of the rolling - increasing the efficiency of cooling the rolls
campaigns 111 plates = 131 plates - economic benefits of the new cooling will be
saving of cooling water was 42 % evaluated in the following period.

reduction number of water nozzles from 1230
to 868 nozzles
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Cooperation with industry

We cooperate with people all around the world

Sij' acroni

ARIZONA STATE

ALINVES ]|

@ Skopa SPirax._

UNIVERSITY AUBREN

Y

"

HENNLICH

& LW-VE  MANN +
= e HUMMEL

@ SINTEF
. »

@ weseser USIMINAS |

Heat Transfer and Fluid Flow Laboratory

“Alcoa

A

LIGHTING

Honeywell

POSCO

VITKOVICE

AMAG.

[ DANIEL 22

Vv

(") PRIMETALS

swereaMEFOS

voestalpine

ANDRITL

DELAVAN

Spray Technologies

[

L7
Severstal

ArcelorMittal

fives

P LIBERTY

SIEMENS

&2
siryet €8

U
it

Strathclyde

Glasgow

23



Cooperation with industry

ABB, s.r.o., Czech Republic

ACRONI Jesenice, Slovenia

AIT Austrian Institute Of Technology, Austria
AL INVEST, a.s., Czech Republic

Alcoa Inc, United States

AMAG, Ranshofen, Austria

ANDRITZ Selas S.A.S., France

ARCELOR MARDYCK, France

ArcelorMittal Burns Harbor, USA
ArcelorMittal Dofasco, Canada
ArcelorMittal Global Research Center Chicago, USA
ArcelorMittal Maiziéres Research SA, France
ArcelorMittal Ostrava a.s., Czech Republic
ArcelorMittal Riverdale Inc., USA

Cogne Acciai Speciali S.p.a., Italy
COMALCO, Australia

Corus Technology BV Netherlands

CORUS UK Limited, England

CRM Group, Belgium

DANIELI, Italy

Davy Distington Ltd. UK
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Delavan Ltd., United Kingdom

Evertz Hydrotechnik GmbH & Co. KG KG, Germany
EVRAZ VITKOVICE STEEL, a.s., Ostrava, Czech
Republic

FEI, Czech Republic

Fives Stein Ltd., France

Hyundai NGV, Republic of Korea
Hyundai Steel, Republic of Korea
IRSID, France

ISPAT Nova Hut, a.s., Czech Republic
Kremikovtzi AD, Bulgaria

Lechler GmbH, Germany

Liberty Ostrava a.s., Czech Republic
Mannesmann Demag AG, Germany
Nova hut, Czech Republic

POSCO E&C, Republic of Korea
POSCO, Republic of Korea

Primetals Technologies Ltd., Austria
Primetals Technologies Ltd., Italy
Severstal Cherepovets, Russia
Sidenor | + D, Spain
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SIEMENS AG Germany,
Siemens S.p.A., Marnate VA, ltaly

Siemens VAI Metals Technologies GmbH, Linz, Austria

SIGMA DIZ, Czech Republic
SIGMA Group, Czech Republic
SINTEF, Norway

Spraying Systems Co., USA
Swerea Mefos AB, Sweden
Skoda Auto a.s., Czech Republic
TATA Steel UK, UK

ThyssenKrupp Steel Europe AG, Germany
Trinecké Zelezarny a.s., Trinec, Czech Republic

U. S. Steel KoSice, Ltd., Slovakia
United States Steel Corporation, USA
USIMINAS, Brazil

Vitkovické slévarny, spol.s r.o., Czech Republic

voestalpine Stahl GmbH, Austria
VUHZ a.s., Czech Republic

ZDAS, a.s., Zdar nad Sazavou, Czech Republic

Zeleziarne Podbrezova, Slovakia
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Optimization of billet heating in the furnace atmosphere - plant
measurement

U Using a specially developed
datalogger protection box, heating
can be recorded up to 1350°C/

8 hours. We are able to design and
realize operational measurements
of heating and cooling modes for
longer periods and various
dimensions of billet.

temperatures

UUsing the mathematical model, the
measured data can then be used to
optimize the heating of materials in
preheating step and continuous

furnaces. T 58
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Brno University of Technology, Faculty of Mechanical Engineering .

BRNO FACULTY
UNIVERSITY OF MECHANICAL

OF TECHNOLOGY ENGINEERING

Technicka 2896/2, 616 69 Brno
Czech Republic

+420 541143246

E-mail: heatlab@fme.vutbr.cz
www.heatlab.cz

assoc. prof. Petr Kotrbacek, Ph.D.

+420 541 143 290 | M +420 604 229 527
E-mail: petr.kotrbacek@vut.cz
Teams: gmkotrbacek@vutbr.cz
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