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Synopsis :

In order to achieve a better strip quality and a higher mill productivity of the hot strip
mill at Mizushima Works, study was made on the introduction of controlled cooling
system and the improvement of water cooling device. As a result, the laminar flow
cooling found to be very effective at the mill as well as in the laboratory. The heat flux is
well expressed as a function of the Reynolds number. The laminar flow is made very
stable by the new cooling device, with the distribution of flow rate out of the cooling
header so improved as to be low at both ends, serving for a uniform temperature of strip.
The new mathematical model gives a good estimation of cooling effect and has well

contributed to the application of the new cooling system.
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In crder to achieve a better strip quality and a higher mill productivity of the hot strip mill at Mizushima Works,

study was made on the introduction of controlled cocling system and the improvement ol water cooling device.

result, the laminar flow cooling found to be very effective at the mill as well as in the laboratory.

As a

The heat flux is well

expressed as a function of the Reynolds number. The laminar flow is made very stable by the new cooling device,

with the distribution of flow rate aut of the cooling header so improved as to be low at both ends, serving for a uni-

form temperature of strip. The new mathematical model gives a good estimation of cooling effect and has well con-

tributed to the application of the new cooling system.
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Table 1 Specifications of cooling device at the runout table of hot strip mill

Specifications | New Former
Length of coeling zon-e. L 145m 145m -
‘vLength of water cooling zone,.i::\' 131m $0m
Top Lamina; o Rodlike or turbulent”
Spray form L
" Bottom Spray ‘ Spray
Pumping capacity o Z47><6=282m3,’min @ 47X 3= 141m3/ min
Cooling tow;r capacity 35m?/min, 45°C—32°C 7. None
Water flow rate fDl‘ strip cooling 247m3/min - l;i;;; o
Water temperature at header, 6\\_g o 40°C25°C SOTC*—SS"C
Main Top ; 51 { 10
Cooling eone _“Bfitom : R 34 B :_ | ¢
control Vernier | 199 12 8
units Zone !' Bottom 6 o 8 o
‘— Total 165 B 36
Cooling ;Dntrol zone - 14 o 1
_Cr-)oi':ng control way - 3 Coménlier con.trrol | 71\125111:1717ci)711tr017
0.67 % 107
212X 107 o 451 1020(7.2)

{47.9)

13 080 (52.8)

0.95% 107
(21.4)

; 4.43%107 -
Coils ] P 5 Cooling
{100) Runout table 2 EL;SI;(SS Lower
231107
(52.1)
\ 12 430(88.2) Seale pi .
cale pit
o l & 164X 107(37.0) 20 085 10"
. 02 {2L4)
> Water flow (mi/h) 0.3<107{6.8) (i?é]) T 0,39 10" (8.8}
> Heat flow (keal‘h)
Figure in parenthesis E Water
denotes relative percentage — recirculation
———] center

Fig. 3 Actual example of water- and heat-balance of new strip cooling system
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Table 2 Allowable rolling speed as a function of gage
and water flow rate in the case of Fig.2 (a)

Gage v (m/min) quantity for water quantity
(mm) { specified vy, {m/min) 3
Vmin ,‘ U mex {m?/min} 200m?3/min | 250m?/min

1.6 600 | 1250 150 >1 250 >1 250
2.3 586 1250 231 1100 >1 250
3.2 475 | 570 250 805 970
45 1 362 710 244 600 >710
6.0 276 521 | 235 460 =521
80 | 206 an | 220 | 350 > 374
100 166 00 | 208 L 280 >290
12.0 144 235 200 _ 235 > 235

Ty 1 900°C, Te :500°C, 8w :40°C
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Table 3 Cooling quantity of each control unit {°C)

Zone Main Vernier

Location Top |  Bottom Top | Bottom
Rolling speed | ¥rmas . Umin | Vmax ET-'_"_ ;m,:— ;m; _'__l_rrm\_.l bmm’"
| 16 | 43 | o4 | a1 | 85 | 21 | a7 | 27 | 57
23 30 | 67 | 28 | 61 1.5 ' 35 19 | 4.9

3.2 2.8 6.0 26 ' 54 1.4 3.0 1.7 3.6

(G:i‘; 45 | 28 | 57 ! 26 | 50 | 14 | 29 17 33
60 | 29 ' 58 ' 26 | 49 15 | 29 17 | 33

8.0 | 3.1 6.0 | 2.7 5.0 1.6 3.0 1.6 | 33

100 | 33 | 60 | 28 | 49 © 17 ! 30 | 19 | 33
120 | 34 | 58 | 20 | 47 17 29 1.9 | 31

+ Refer to Table 2 for zn.. and vuin
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Strip temperature ('C)

s00F — Calculated by equations {(6) and {8}
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Fig. 13 Verification of mathematical model of
air cooling
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Fig. 14

Measured temperature drop (°C)

Verification of mathematical model of
tetal temperature drop, T —T;

Aimed coiling temp. 570°C

Strip size 4.3mm X1 472 mm

Fig. 15

Relative strip length having coiling
temperature within £15°C (%}
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Examples of small fluctuations in
computer controlled coiling temperature
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16 Operating performance of coiling
temperature control
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