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ABSTRACT The temperature distribution of billets in a heating furnace is simulated by Deform software and is verified by the

“black box”. When the heating time is 70 min the temperature difference between surface and center is about 66 °C  but it reduces to

15 °C after 80 min. The core and surface temperatures of wire rods in rolling and cooling are calculated and testified by thermometric

indicator and afterwards the accurate friction heat

plastic deformation heat and heat transfer coefficient of water cooling are

obtained. The wind field of fans is computed by Fluent software and is confirmed by anemometer. A temperature model of the lapping

point is built and used to calculate the forced convection natural and radiation heat transfer coefficients and the latent heat of phase

transformation on the air-cooling line which are validated by thermal imager. All the numerical simulation results agree well with the

test data.
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Fig.1 Layout of the high speed wire rod production line
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Fig.4 Surface and center temperature curves of the billet in the heating furnace by simulation

5 6
Fig.5 Surface and center temperature curves of the billet in the Fig.6 Surface and center temperature curves of the wire rod in roll-
heating furnace by “Black box” measurements ing and cooling
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Fig.7 Wind field nephogram and speed at a 50% air volume and a 100% damper degree: (a) wind field nephogram; (b) wind speed curve



« 280 38 2
100 %
#
50% 80% 100% 3 22 9
80% 100% 50%
-1
1.6 2 22 0.6mes
N 5.8mes"’ l.4mes™'
-1 -1
50% 25 me*s 25.6mes " .
11mes” 7 Fluent
1
—o— JAHLI)) #50%
60 —e— JAUHLI 2680% 0. o
—— AL 5100%
50 .ﬁ+l _ﬂ
Q.=AH 7At = AHAY. (17)
— 40
£ 30
= t+1 AV
=
X 20 s; AH
-3
10 Jem ™.
. 10—-11
(= 1 1 L 1 1 ! 1 L I ..A___J SChell
1 3 5 17 9 11 13 15 17 19 21
IRUHILI AL 11 R
At,
8 > —=L (18)
Fig.8 Relationship between wind speed and volume measured by an— iz
emometer DAt S, t;
)12~ 1 I 2
0.14 - (a)  0.4- by O {©) () W3
0.10 = 32
0.12- 0128 0.10- ;‘Q
E 0.10= 0.10= 0.08 - 0.08 3 A
= b
%E 0.08 - 0.08 = 0063 0.06 - 5 E
2 0.06- 0.06 = 16 %
i ’ 0.04 - 0.04 - %% e
5 004- 0.04~ 10
2
002- 0.02- 0.02= 0.0z 3
L B aafEEE L R, o e B
0 0.02 0.04 0.06 0.08 0.10 0.12 0 0.02 0.04 006 0.08 0.10 0.12 0 0.02 0.04 0.06 0.08 0.10 0.12 0 002 0.04 0.06 0.08 0.10 "
0.12 = 0.12-
(e) (0 (8 (h) W 34
0.10 - 0.10- ':6
_010- 0.10 = 30
= 0.08 - 5 0.08- 26 —~
= 0.08 ~ 0.08 24
& 006~ 0068 0.06 - 0.06- 79 &
P 16
= 0.04 - 0.04 - 0.04 = 0.04- Jlé =
10
0.02 - 0.02 - 0.02 - 0.02 8
O
oL 1 1 1 | 1 oL | 1 1 I ' oL U i 1 1 1 oL 1 ) 1 1 | i
0 002 004 0.06 0.08 0.10 0 002 0.04 006 0.08 0.10 0 002 004 0.06 0.08 0.10 0 002 004 006 0.08 0.10 ~
B AR R B /a Bk Al % 2k ) B A 125 a) g m
9 . (a) 0.6mes™';(b) 0.7m*s';(c) 0.8mes™!;(d) 0.9me*s"';(e) 1.0me*s™'; () L.I1mes™!; (g

1.2mes™"; (h) 1.4mes™!
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1
Table 1 Calculation results of the heat transfer coefficient of the wire lap point at different roller speeds
/(mes™") /(mes™") W Re Nu, Nu, Gr Nu,. Aoy /(Wem=2eC 1)
0.6 5.8 0.42 7523 41.7 66.5 18153532 9.1 227.8
0.8 12.4 0.72 9472 49.9 76. 6 18153532 9.1 255.8
1.0 16.9 0.82 11280 57.1 85.3 9172369 8.4 280.5
1.2 23.5 0.87 14754 70.3 100. 9 5401496 7.8 326.4
1.4 25.6 0.90 15644 73.6 104. 8 2430817 7.1 336.9
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Fig.10 Temperature curves of the lap joint: (a) result by simulation and instrument; (b) imaging test; (c) temperature by imaging instrument
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