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Cooling Characteristics and Heat Transfer Coefficients during
Water-spray Cooling of Hot Steel Plate

Masashi MITSUTSUKA and Keiji Fukupa

Synopsis :

Water-spray cooling is widely applied to forced cooling of hot steel products. A number of problems,
however, still remain to be solved, including heat transfer mechanism, cooling ability, the difference of
heat transfer coefficient values between the upper and lower surfaces of a horizontally placed wide
plate on which spray is impinged, the effect of scale deposit on heat transfer, and so on.

In order to investigate heat transfer phenomena and cooling abilities of water-spray cooling, plate
specimens of carbon steels with dimension of 22.5 to 51mm x 550mm X | 000mm, heated at about 630°C,
have been water-sprayed. The main results obtaind are as follows :

(1) In the water-spray cooling of the upper and lower surfaces of a horizontally placed specimen
with the same water flux W, the value of the heat transfer coefficient a on the upper surface is
higher than that on the lower surface in the region of test conditions.

(2) The maximum values of a of the upper and lower surfaces exist in the surface temperature of
about 200°C.

(3) The following equation is applicable for describing the quantitative relation of specimen surface

temperature ¢s [°C] and W[!//m? - min] with a [kcal/m? - h . °C].

a=A4- Wes. |QB-os
where, 4 and B are constant.
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@ Header ® Water spray

Test conditions :
Water temperature : 11 to 33°C
Water pressure : 0.6 to 8 kg/cm?-G

Fig. 1. Outline of test apparatus.

Table 1. Chemical composition of specimens.

(wt%)
Specimens C Si Mn P S Cu
Specimen 1 0.14 0.41 112 0. 025 < 0. 005 0, 06
Specimen 2 0.22 0.05 103 0.021 0. 018 0. 05
Specimen 3 0.24 0.05 107 0, 023 0. 023 0. 05
Ni Cr B Al Mo Ti \'4 Nb

0.39 0.23 0. 001 0.1 <0.01 <0.01 0.01 <0.01
0.02 0.03 <0.001 <0.01 <0.01 <0.0l <001 <001
0.02 0.03 <0,001 <001 <0.01 <0.01 <0.01 <001
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Fig. 2. Specimens and thermocouple installation
positions.
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W : Impinged water flux (!/m?-min)
8, : Specimen surface temperature (°C)
a : Heat transfer coefficient (kcal/m2-h-°C)

Fig. 3. Relation between impinged water flux
and heat transfer coefficients during water spray
cooling.
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Table 2. Comparison of this work’s test conditions with other researchers’ one.
Item This work KAMIO et al® HOOGENDOORN et al.®
Material Carbon steel Carbon steel 18Cr-8Ni steel
Specimen Tnitiad e, (*C) %% Kbour g0 0 %0 it
Spray distance (mm) 600 300 170 to 550
Atomization pressure (kg/cm?-G) 2t05 1to3 1 to 10

Note : Common test conditions of each researcher are n
arrangement, and cooling : upper surface.

ozzle : full cone type, water temperature : 20 to 30°C, specimen : horizontal

— 78 —



~
@]
°.
<
g L / \, SN |
E 10 / \\ \\ N
E 10 __./ \\ \ . ~
= / \\ \
3 \\ \\ *T 36
5 \\ N 7]
W (L/m2.mim) \ N
\\ AN
~N
\
\
N\
\\
—-——= This work Y
~
2 b - Kamio et al. —
e=ee Shoji
....... - Hoogendoorp et al.
10? : ; ! ) :
100 300 500
2s (°C)

W,0g, a : Same as in Fig. 3
Fig. 5. Comparison between heat transfer co-
efficients obtained by this work and others’ one.
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Note :

Water droplet volume : 0.006 to 0.008 m!/

Specimen surface conditions :
Copper A, B and steel B were polished with #6(0 emery
papers. Steel A was finished with sand-blast.
Steel A and B were heated up to about 950°C in air,
then water-spray-cooled to 350°C and natural-cooled to
room temp.

Fig. 6. Influence of metal surface conditions on
water droplet evaporation.
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Table 3. Values of constants in Eq.(10).

Values of constants
Surface
temperature
(C

Upper surface Lower surface

A Bx10-3 A Bx10"3
125~175 22,69 +5. 460 36. 76 +2.784
1756~225 163. 5 +0. 560 119.5 —0. 141
225~275 797.0 —2.498 405. 5 —2.500
275~325 1273 —3.238 648.5 —-3.241
325~375 5603 —5.218 510. 6 —2.922
375~ 425 621.1 —2.671 177. 8 —1.700
425~ 475 303.5 —1.939 675. 8 —3. 065

Experimental equation: g =A-W®%3.108-¢,
{a] : kcal/m2-h-C [W]:1/m2-min [83):°C
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