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Abstract: A one-dimensional unsteady heat Spray orfice spacing, X, —___ oy o dametn
transfer model was established for the cyclic spray B

cooling heat transfer of strip steel protective e T l =
atmosphere. The temperature field of strip steel th coalng e, (| Spray oriﬁg_epla;e._. i /=
was calculated by finite difference numerical T _ __ A — ‘__ S I S—
calculation method. The comprehensive heat [ 7 = '\i‘ A fh - i
transfer coefficient required of the strip steel at | @ g CH“;Z Q @
different thicknesses, different initial temperatures 1 l g— 9 J— !
and operating speeds were determined. The effects - — — = - - —=

of structural parameters of the spray box and the I T o of the

parameters of the circulating cooling medium on
strip steel outlet temperature were studied. The results showed that there was a maximum operating velocity for strip
steel with different thicknesses on the premise of meeting the performance requirements and safety. For strip steel with
thickness of more than 3 mm, the influence of the section temperature difference on the strip steel properties could not
be ignored. The temperature of strip steel outlet increased with the increase of the ratio (H/D) of distance between strip
and orifice (H) to orifice diameter (D), but increase rate gradually decreased as A/D increased. There was an optimal
range of the ratio (X,/D) of the orifice spacing (X;) to the orifice diameter (D) which was related to H. Therefore, when
actually designing the spray box structure, it is necessary to consider not only the optimal value of D, but also the H.
As the temperature of the cooling medium increased by 10 °C, strip steel outlet temperature increased by about 3°C.
When the volume percentage of hydrogen in the cooling medium and the flow rate of the cooling medium increased,
the temperature of strip steel outlet decreased, however, the decrease rate gradually decreased as the volume percentage
of hydrogen in the cooling medium and its flow rate increased. The industrial application results showed that the
calculated value of the outlet temperature of strip steel was in good agreement with the measured value, and the error
was about 3.4% which meant that the model met the application requirements.
Key words: protective hydrogen atmosphere; recycling jet cooling; finite difference; heat transfer coefficient;
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1. Circulating fan
3. Controlled cooling double butterfly valve
5. Circulating air duct 6. Five-point valve 7. Spray box

2. Expansion joint
4. Furnace top platform
8. Strip steel
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Fig.2 RJC structure and jet orifice plate schematic diagrams
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Table 1

Calculation conditions

Temperature/C Content/vol% Orifice Horizontal ~ Longitudinal spacing  Spray distance . . .
- - . . Cooling medium flow rate/(m*/min)
Initial Final N, H, diameter/mm  spacing/mm /mm /mm
730 467 85 15 26 100 175 150 750
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Table 2 Temperature distribution of strip steel in each cooling section

. Temperature/'C Outlet section Cooling
Cooling Inlet Outlet temperature Temperature rate
section su:f:ce Inlet center Average inlet Outlet surface cel;teer Average outlet di ffe?ence C drop, AT/C 1Cls)

1 730.00 730.00 730.00 682.99 686.81 684.90 3.83 47.02 7.29
2 682.99 686.81 684.90 640.99 644.73 642.86 3.75 42.00 6.51
3 640.99 644.73 642.86 600.28 603.92 602.10 3.64 40.71 6.31
4 600.27 603.92 602.10 560.36 563.87 562.12 3.51 39.92 6.19
5 560.36 563.87 562.12 520.94 52431 522.63 3.37 39.42 6.11
6 520.94 524.31 522.63 482.06 485.27 483.67 3.21 38.88 6.03
BF Q345 74N, JE 3 mm, % 1200 mm, FAT R HEARE.
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Fig.5 Change of strip steel center temperature with cooling time
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Table 3 Heat transfer coefficient and heat flux density distribution of each cooling section

Heat transfer coefficient/[W/(m*K)]

Cooling section

Heat flux density/(W/m?)

Comprehensive Forced convection Radiation Heat exchanger
1 214.968 186.335 28.628 118.922 138172
2 214.116 188.697 25.414 119.029 129216
3 213.733 191.129 22.600 119.106 120775
4 213.761 193.658 20.098 119.153 112584
5 214.234 196.434 17.796 119.229 104959
6 215.125 199.415 15.706 119.304 97597.4
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