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The Estimation of Curvature Deformation of Steel Plates in Water
Cooling Process after Line Heating

HYEOK HWANGBO, PARK-DAL-CHI YANG
School of Naval Architecture and Ocean Engineering, Univ. of Ulsan, Ulsan, Korea
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A47+E, Water cooling 44, Heat transfer
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ABSTRACT: Line heating with water cooling is generally adopted process in the shipyards for the forming hull surface. The purpose of
this paper is to develop a model of thermal deformation in water cooling process after the line heating. In order to simulate the cooling
process, heat transfer analysis was performed by assuming the effects of water cooling as a negative heat-source. Experiment for the line
heating with water cooling was performed for 9 models of plates in order fo verify the cooling model. By using the suggested model for
the water cooling process, it could be observed that the present method predict the plate deformations in the line heating more

accurately.
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Fig. 1 Schematic diagram of lineheating with
watercooling
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Fig. 2 Assumption of the distribution of the heatflux
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Fig. 4 FEM model for thermo elasto-plastic analysis
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Fig. 5 Actual photo of lineheating with watercooling
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Table 1 Experiment model data

t Speed Flow rate
Model ol fnysl  (t/min
CFo1 12 25 90
CF02 1 1.667 9.2
CF03 18 25 91
CF04 18 1.667 8.97
CFO5 18 1.667 9.0
CF06 20 25 9.2
CF07 20 25 91
CF08 20 1.667 9.1
CF09 20 1.667 9.0

Terrperature(°C)

800+

(=]

y Time(sec)
200

Fig. 6 Comparison of temperature at the mid-point of
models with different thickness
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Fig. 7 experimental results of plate deformation in
z-direction of CF01 Model
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Table 2 Analytic and experimental results of deformation

and maximum temperature at the midpoint of the

model
ol Temperature[ C] | Defonnazsté?:;m] .at

Exp. Num. [ex;?t;\zm] Exp. Num. [ex;trl;m]
CF01 809 786 1.029 2066 1.682 1.228
CF2 871 851 1.023 2347 2420 0.969
CFO3 781 787 0.992 1451 1.503 0.965
CF4 779 787 0.989 1579 1.503 1.05
CF05 842 848 0.992 1787 1.753 1.019
CFo6 702 704 0.997 1177 0872 1.34
CF07 710 704 1.008 1.071 0872 1.34
CFO8 755 759 0.994 1601 1358 1.178
CF9 756 759 0.996 1554 1.358 1.144
avg, 1.02 1.137
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Fig. 8 Comparison of temperature variation at the
mid-point of CF06 Model
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Fig. 10 Comparison of deformation of experimental
result and Numerical result at different points
of CF03 Model
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