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Cooling Characteristics and Heat Transfer Coefficients during
Fog Cooling of Hot Steel Plates

Masashi MritsutsukA and Keiji FUKUDA

Synopsis:

In forced-cooling of hot steel products, air-stomized fog cooling is suitable for the soft cooling whose
rate is between those of forced-air cooling and water spray cooling. In fog cooling both water and
air considered to take part in the cooling. It is well known that when fog impinges a surface to
be cooled at high speed, heat flux transferred from the surface to the fog increases with impinging
speed because of unstable vapor films on the surface. It has not been clarified yet whether heat flux
increases or not when fog impinges the surface at a slow speed.

The heat transfer phenomena have been studied when hot steel specimens are cooled with fog which
is atomized with low speed air. The main results obtained are as follows:

(1) When fog impinges a surface at a slow speed, air makes water atomized but scarcely con-
tributes to heat transfer.

(2) Cooling capability of fog is dependent on only the water flux to the surface.

(3) The cooling capability of air-atomized fog is nearly equal to that of pressure-atomized one,
for the same water fux.

In this paper, in addition to the above results, the differences in heat transfer mechanism between
the upper and the lower surface of steel plate positioned horizontally and the influences of surface

condition of a steel plate on heat transfer are discussed.
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(b) Experiment 2

@ Specimen

Exp. 1: Vertically arranged

Exp. 2: Horizonatally arranged
Air-atomized fog

Nozzles

Exp. 1: as shown in Fig. 2

Exp. 2: crossflow air-water fog nozzles
@ Thermocouples

Unit: mm
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Fig. 1. Outline of cooling part of experimental
apparatus.
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Fig. 2. Atomization nozzles used for fog cooling
test.
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Table 1. Chemical composition of specimens (%).
Specimen No. C Si Mn P S Cu Ni
Specimen 1 0.12 0.43 1.18 0.016 0.007 0.03 0.38
Specimen 2 0.13 0.42 1.13 0.023 0.013 0.02 0.01
Specimen No. Cr B Al Mo Ti Nb \
Specimen ] 0.24 0.001 0.10 <0.001 <0.001 <0.001 0.05
Specimen 2 0.19 <0.001 0.03 <0.01 <0.01 <0.01 0.03

Thermaocouples installed
positions : A---34t, B---}t
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(b) Specimen 2 for Exp. 2

2¢ Spot welding
ij C/Comact N 354
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Specimen 1 Specimen 2

(c) Instaliation of thermocouples

@: Temperature measuring point, &: Thermocouple,
®: Gap, @: Weld

Unit: mm
Fig. 3. Specimens and the method for thermo-
couples installation.
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Table 2. Experimental conditions. .

Item Experiment 1 Experiment 2
Nozzle “ Type A, B and C Type A
Distance between nozzle and Type A : 800 ‘ :
specimen, H (mm) 7 B : 300 500
4 C : 750
Specimen arrangement Vertical Horizontal
Specimen size (mm) 28 220x 220 28400 x 800
Initial temp. of specimen (°C) About 930 About 700 or 900
Heating atmosphere Air Nitrogen
Temp. of water and air (°C) 20 to 30 20 to 30
Mean water flux, W (l/m2- min) T}/zpe g 2;204390 5 to 68
7 G :2.2 tol2
. . T A :50 to 60
Mean air flux (m?/m? min) 7" B 14 to 160 20 to 26
7 C:50
Exit speed of air, V, (m/s) sze é gé 35 to 50
Header pressure of air, P, (kg/cm?2-G) Type B: 1 to 3
Arrival speed of air, V, (m/s) Type A: 5 7 to 10
(Stagnation point) 4 C:10
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Symbol Nozzle Cooling Air flux (m3/m?.min)
O Type A Continuous 50 to 60
o 7 A Intermittent ”
[} ” B Continuous 14 to 28
A ” B ” 33 to 160
o 7 oQ ” 50

Fig. 4. Relationship between water flux and mean
cooling rate during for cooling (Exp. 1).
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Fig. 5. Relation between impinged water flux
and heat transfer coefficient during fog
cooling (Exp. 2).
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Fig. 6. Heat transfer coefficient of fog cooling
(Exp. 2).
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Notes:
Test condition:
Heating
Symbol specimen Size (mm) atmosphere  W(1/m2-min)
—— As-rolled steel 28X 400800 N, 20
———— ” 28 % 550 x 1000 Air 20
------ Polished silver 2x30¢ ” 33
Specimen arrangement:
and ----: Horizontal, - : Vertical
Scale deposit on specimen: ----2>> Seeenee

Fig. 7. Influence of specimen arrangement and
specimen surface conditions on heat transfer.
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(c) Scale-coated steel

Notes:

Water droplet volume: 0.006 to 0.008 ml

Specimen surface conditions:

(a) was polished with buff.

(b) was polished with #600 emery paper.

(c) was polished same as (b) and rapidly heated to 1000°C
in air, then water-cooled to 350°C and natural-cooled
to room temperature.

Fig. 8. Influence of metal surface conditions on
water droplet evaporation.
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