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Temperature Drop of Steel by Hydraulic Descaling for a Hot Strip
Rolling Mill V

Tadayoshi WADA, Masakazu OsHIMI and Masao UEDA

Synopsis :

When scale formed during reheating and continuous rolling of steel strips is commonly by hydraulic de-
scaling, a temperature drop of the strips inevitably occurs.

On an experimental survey of parameters which had been expected to control the descaling behaviours,
the temperature drop of steel strips on removing the secondary scale by hydraulic descaling was measured
precisely on the basis of design of experiments. It was found that the temperature drop has correlations
with the water consumption V at a pressure of 9.8 MPa, interaction between V and the distance H between
the steel and the nozzle, water pressure P.

The temperature drop ATp(°C) of steel strips by hydraulic descaling can be then expressed by the de-

scaling parameters as follows
AT, =451.7 PV/H?+9.54

It is concluded that H should be increased with V to keep the temperature drop small when a certain
pressure impact pressure is required to remove the secondary scale.
Key words : hydraulic descaling; impact pressure ; primary scale ; secondary scale ; temperature drop.
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Table 1. Chemical composition of the steel used % Fig 1 \ORT. KMe b FEOEK I B

(wt). FRERIGHEREFRRRE (2o TWV 5,

c s w P S M 9 B 3-2 BEKEWHEORHRERE

0.04 0.01 0.30 0.018 0.012 0.005 0.0035 0.0018 E&{trﬁﬁﬁ(ﬂ,ﬁﬁ‘%@ﬁ&'ftﬁrﬂ ” r %@Ef&@%*ji%
Table 2. Experimental conditions of hydraulic descaling.

Factor Unit Level Remark
Oxidation temperatureTo C 1200 1150 1100 Water temp. 13°C
Oxidation time_ to s |10,20,30:25,40,55:40,60,80 | Room temp. 12°C
Water consumption at V 1/s 0.8 1.5 2.3 .

a pressure of 9.8MPa Normal descaling
Water pressure P MPa 2 8 5.9 3.8 direction;

Distance between H cm 2 24 3 Nozzle
steel and nozzle Rolling
Rolling speed v cm/s 83 150 (150) direction
Angle of torsion 0 ) &/
Gradient angle 6 : ) T3S
Spraying angle 1 0 (at 1MP1g &

Jet width Z cm 2Htan(7 /2)/ cos s H
Descaling direction normal : #;{ o :
Impact plane upper glane 10 ’ -
Orthogonal table L273'% = 21 ' :
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Fig. 1. Cooling curves for the surface of steel
strips at high temperatures.

Table 3. Surface temperature Tj of steel strips
on hydraulic descaling.

Oxidation Oxidation nTD
temp. Ty (°C) time fo (s) (°c)
10 1165

1200 20 1150
30 1135

25 1100

1150 40 1075
55 1050

40 1035

1100 60 1015
80 990

RORE (BLA 7 — ViRE Tp) % Table 3 12737, B
24— ViR Tpid 1165~990°C ¢, #2524 v F
(Ry) AT DRI D S FSB TOREISEWETSH 1,
FRALBAGHIRAE B & OBEILAFRT & b I3ITERITWEE &
FACY (%
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Fig. 2. Cooling curves of steel strips on hydraulic
descaling at high temperatures.

Table 4. Descaling conditions of Fig. 2.

T H 14 & P
Noo b &) (em)  (/s) (s)  (MPa) (cm/s)
3 1200 20 2.3 30 9.8 150
6 1200 2 2.3 30 2.0 83
9 1200 28 2.3 30 5.8 150

Table 5 DF— % % b L XA EiT- R TR
¥ 2 CT, BRILEABERRM & B X OESEE o OXE)
BRSO TEREICT— VL 1.
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FIfEiesked b L, 17.1°C £ 4. $ 7, Table 6 ° 5,
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BETHAHI ENbho 1.

& 512, Fig. 3 W HimMM ORBEETICKITTEEK
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OHBBEHOBERTE AT, 13, 7 ANiEkE VB
LOKES PickeflL, EEHMD 1 FF /203 2 i
MB35 L9TH5.
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8, RERDOHHOHME 1D FED 5% H5.32 BX
OV, P HOEMKEE n. 129 %, [HEIWE, VHO
AWMNERIC 3 2 2 hEFRRAT S L, EERRFE,

+/FVe/ne = ++/5.32X24/9 =438 B LU

= ++/5.32X24/3 =+ 6.5
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Table 5. Plans L,; (3'3) and results.
To H |4 ) v [ Vo VH PV Ten-z). drop Deviation
No. 2 5 6 9 10 7 4,12 8.11 3.13 o ATp-AT,
1 1200 20 0.8 10 2.0 83 1 11 11 11 18°C 1°C
2 1200 20 1.5 20 5.9 150 2 12 22 12 24 7
3 1200 20 2.3 30 9.8 (150) 3 13 33 13 30 13
4 1200 24 0.8 10 5.9 150 1 23 23 23 13 — 4
5 1200 24 1.5 20 9.8 (150) 2 21 31 21 24 7
6 1200 24 2.3 30 2.0 83 3 22 12 22 25 8
7 1200 28 0.8 10 9.8 (150) 1 32 32 32 12 -5
8 1200 28 1.5 20 2.0 83 2 33 13 33 18 1
9 1200 28 2.3 30 5.9 150 3 31 21 31 10 -7
10 1150 20 0.8 40 5.9 (150) 3 32 11 23 15 — 2
11 1150 20 1.5 55 9.8 83 1 33 22 21 30 13
12 1150 20 2.3 25 2.0 150 2 31 33 22 16 -1
13 1150 24 0.8 40 9.8 83 3 11 23 32 6 -1
14 1150 24 1.5 55 2.0 150 1 12 31 33 9 — 8
15 1150 24 2.3 25 5.9 (150) 2 13 12 31 44 27
16 1150 28 0.8 40 2.0 150 3 23 32 11 5 —12
17 1150 28 1.5 55 5.9 (150) 1 21 13 12 10 -7
18 1150 28 2.3 25 9.8 83 2 22 21 13 22 5
19 1100 20 0.8 80 9.8 150 2 23 11 32 14 -3
20 1100 20 1.5 40 2.0 (150) 3 21 22 33 6 —11
21 1100 20 2.3 60 5.9 83 1 22 33 31 18 1
22 1100 24 0.8 80 2.0 (150) 2 32 23 11 12 -5
23 1100 24 1.5 40 5.9 83 3 33 31 12 8 -9
24 1100 24 2.3 60 9.8 150 1 31 12 13 29 12
25 1100 28 0.8 80 5.9 83 2 11 32 23 10 -7
26 1100 28 1.5 40 9.8 150 3 12 13 21 24 7
27 1100 28 2.3 60 2.0 (150) 1 13 21 22 11 -6
Total 463 4
Table 6. Analysis table of variance. BRTE ATp L HEER L oMM, K(1) BLURK
- Ffluctt;]ation Dfefgl'ee Variance Vari- flF’fure Cl;ontri~ ( 2 ) T‘i ENDIENDho I
tor it - tua- ti —_
ac of each uni odor;e;‘ v r:tl:f)eF t.il(lm 1?’ r:téoz ATD =21.0 VP/H+ 9.11 (oc) .................. ( 1 )
T 99 2 9 | 2.0 51 2.3 ATp=451.7 VP/H? + 9.54 (°C) rereveeeeeeees (2)
H 174 2 87 3.6 126 5.6 . . 1
% 550 2 275 | 11.5** | 502 22.4 R(DBEXUCK(2)0EMHBFEKIE, ThEh
P 281 2 140 5.8 233 10.4 o b: b oK o o
VX 208 2 104 4.3 160 7.1 647/030;0645/0‘(&)6
VXH 481 4 120 5.0 385 17.2 el 37) vrm e 35 B - B T
PXV| 256 4 64 | 2.7 160 7.1 Ric, HIAD TKAE Qr—Hic, / XVHAR V
e 195 8 2 627 21.9 EKEN P LEEBRL, RANTRINDZEETHEL.
Total 2244 26 100 Q=10.32 Vx/? (1/8)  weveeressmsecensiiriniinianen (3)

* . Significan at 5% ** : Significant at 1%
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Fig. 3. Effects of hydraulic descaling conditions at high temperature on the temperature

drop of steel strips.
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Fig. 4. Relation between a descaling factor and
the temperature drop of steels.
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Fig. 5. Relation between a descaling factor and
the temperature drop of steels.
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Fig. 6. Relation between the ratio of the steel-
nozzle distance and temperature drop of steels.
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Table 7. Effect of the steel-nozzle distance on
the temperature drop of steels and the impact
pressure required to remove the secondary scale.

v H(cm)

(1/s) 10 20 25 30 35 | 40
p(kPa) [ 1.5 | 1250 | 310 |199 | 138 |102 |77
AT 109 34.5 | 25.5| 20.6| 17.7 | 15.8
p(kPa) | 1.03 | 84 | 214 | 136 95 0 |53
AT 78.0 | 26.7 | 20.5 | 17.1 | 15.1 | 13.8
p(kPa) | 0.8 664 | 166 | 106 7 55 | 41
AT, 62.7 | 22.8| 18.0 | 15.4 | 13.9 | 12.9

Note : P=14.7 MPa
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