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Abstract

In steel rolling process there are many steel heating and cooling equipments. There involved
many tasks concerned to heat transfer phenomena. In this article the basic research of cooling
technology using water and gas jet and the research of heat conductance via solid contact area
between roll and steel during rolling. The cooling technology with water and gas jet is basically
studied about the heat transfer characteristic of single nozzle. The results are applied to the
specification and arrangement of nozzles in the developed cooling equipments in various steel
making process. The heat transfer characteristic between the roll and the steel in rolling process
is studied with basic experiments and numerical simulation. The results applied to optimize the
prediction of the temperature reduction in steel and the expansion of roll heated by steel.
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Specification of spray nozzle
Discharge
Flow rate Impact area
Nozzle Spray shape pressure
[L/min] [MPa] [mm]
A Oblong nozzle 100 03 25060
B Oval nozzle 100 0.3 300x40
C Oval nozzle 100 0.3 350x50
D Oblong nozzle 33 0.3 250%70
E Full cone nozzle 100 0.3 700
1 A
0.9
0.8
0.7
0.6 A
0.5

—A— Local flow rate of nozzle A

Local value/area maximum value

04 —@— Local flow rate of nozzle B
03 —— Impact pressure of nozzle A \K \k
0.2 |—+Impact pressure of nozzle B - \A
0.1 | 2 Local flow rate*cos 6 of nozzle A
0 —B Local flow rate*cos 6 of nozzle B
0 50 100 150 200 250

Distance from center [mm]

2 FEREHEKERE, KEZEE X cos 6 DEER
Relation of impact pressure, local flow rate and local flow
rate x cos 6
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[mm] [mm]
(a) Nozzle A (b) Nozzle B

3 RTL—ERERETATEER
Impact pressure distribution
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Cooling rate[°C/sec]
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Relation ship of spray impact pressure and cooling rate
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Wire diameter : dr |« »| Nozzle diameter : d
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$
Gasjet | | | | Nozzle distance : H
Nozzle exit “ /
velocity : Um ,:\:’. ,:(i_i\_:i -y
‘\ T= 71\1_ —' . .
VML Radlall coordinate: r
SUS304 plate ! N ”

Thermo couple
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Schematic diagram of experimental apparatus
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Distribution of heat transfer coefficient
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Material property of roll

Carbon |Alminum| Copper | Steel

Young ratio (GPa) 5 70.5 112 210

Thermal conductivity (W/m?K)| 93 209 394 58

Thermal diffusivity (m?%s) 0.35 0.29 0.36 0.053
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Relationship of heat transfer and contact time with carbon

roll
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Relationship of heat transfer and contact time with
alminum roll

R % 0 — L & SRR DA IR L, SR O By
HWT, o— )V ESROEMMEE# R L2, 2L T,
C OMLFERH & IR EROBRE IR oM E TV I=
LI L TR 14 2515 1R L2 TNHDORIIRT
E91Z, Al B K OVSAL AR O AHE % Bl ] &
LCERLASGS, BBz B il H & O <RV
ARSI Lol H14, K15 D X9 (2 HEflRgR
THEAHEMEFFOBERNEHINL L) T i, DT
DEHIBRBMICLDEEZ NS,

Thbb, FMEEESET UL, SRS O — DB
BENI O — VHlOBMEEIZ X DR EN D 2 & 7 B
PITOND 720, FHOWBYREREDHEONDL, LiL, HEfil
RIS R e b & 0 — VHNZTEA L7280 0 — )V N % il
LENTICO—VEBRENFNEATLZEICL-T, BE
EMPMET L, AN TOBEERIVNE LR DL DL
EZOND, T, WROWEDSEINT 2L, WpLT
DERKGHEEHIME T T 5 O & A BYHBEFE B R TH
HLEEZ LN,

Lo L, O— VI EEEE L728A O@HoRE, il
JFEIZDWTIZ M CBITca L LT, u—VHE
MR DA TEIMEEOEEL Y I EOETLIR
TWRWZ Ellhb, 22 CTH1612IE, &M - oFEfifE;

#oH & fE 4 F o#c 4015 (2015

C 400 fx °Ee
o ]
§ 350 A Al
= 300 x Cu
£ 250 | X

] 2%

£ 200 [So-X

8 x

o 150 ry -

3

g 100 [—Aagl 5 .

£ 50 n " g
g o

i

0 2 4 6 8 10
Contact time(msec)

16 BMEO—ILOZEHESRE & BmERORR
Relationship of heat transfer and contact time with various
roll material
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Relationship of heat transfer and 'thermal conductivity by
thermal diffused depth' of various roll material
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Heat transfer appratus between roll and strip
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Temperature trasition in roll and strip
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Calculating heat transfer coefficient in roll bite
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Comparison of thermal expansion
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