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Heat Transfer in Spray Cooling on Hot Surface
Kantaro SASAKI, Yasuo SUGITANI, and Morio KAWASAKI
Synopsis:

Heat transfer coefficient of water spray cooling of continuous casting was investigated. A steel plate
was heated in a furnace and then water spray cooling was applied with various spray nozzles. The change
of the surface temperature of the steel plate was measured. The experiments were carried out in the
range of the water flow rate from 0.01 to 0.251/cm2-min with the surface temperature of the steel plate
from 700 to 1 200°C. Heat transfer coefficient was calculated using the temperature measurement data

of the experiment.
The results obtained are as follows.

(1) Heat transfer coefficient is markedly affected by water flow rate and surface temperature of a steel
plate. Heat transfer coefficient can be expressed by the following equation.

h:2.83 X 107W0'75'TS—1'2+100

where £ is heat transfer coefficient (Kcal/m?2-hr-°C)

temperature of the steel plate(°C).

> Wis water flow rate (I/cm2-min) and Ts is surface

(2) The effect of water temperature on heat transfer coefficient is not remarkable, and the effect of
water pressure, nozzle type and relative position between nozzle and a steel plate is negligible.
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Fig. 1. Change of the surface temperature of the
steel plate during spray cooling.
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Fig. 2. Schematic diagram of the experimental
apparatus.
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Fig. 3. Relation between out of the optical pyro-
meter and the surface temperature of the
steel plate.

Table 1. Experimental conditions.

Initial temperature of sample surface 700 ~, 1200°C

Type of spray nozzle flat, cone

Pressure of spray water 2.0~ 50 Kg /ecm2

- Water fiow rate 0.01~0. 25 4crn®.min

Distance frem nozzle to sample surface 100 ~ 500 mm

Table 2. Water flow rate at the center of the

spray.
Distance from | Water flow rate(£/cm? min)
Nozzle | Nozzle | nozzie to sample|  water pressure (Kg/cm?)
No.. type surface {mm) > 3 a | s
i cone 100 0.016|00i8|0023/0024
2 fiat 100 0.065|0.075|0088 |0.098
3 ” 100 0080|0C.10 Jo.12 |0.14
4 v 100 o1l |0.!14 jo.16 (0.17
5 4 100 0.18 |0.20 |0.24 [0.26
& 4 350 0.021[0.03! | 0038|0048
7 # 500 0.023|0.034} 0.047 |0.056
7 » 350 0.048|0.070|0.082 |0.11
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Fig. 4. Distribution of the water flow rate of the
spray.
(Nozzle No. :4, distance from nozzle to
detector : 150 mm)
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Fig. 5a. Calculated temperature distribution in
the steel plate after spraying.
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Fig. 5b. Calculated temperature distribution in
the steel plate after spraying.
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Fig. 6. An example of temperature change of the
steel plate.
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Fig. 7. Effect of the surface temperature of the
steel plate on heat transfer coefficient.
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nozzle i 4 L
SUSS— S T A _ _1
x| 120 @]
[“——~1 P—— |
A 200 o]
- | 100 | 60
S 3000f L~ e/ 100 | ©
. L]
= Surface temperature © {100°C
€
~N
3
X
f;-', 2000}~ ® °
5
s oS
o X X
-
D
% X
[=
g
= 1000
5
@
x

{ “
o] 0.1 0.2

Water flow rate (£/cm?min)

Fig. 9. Relation between the water flow rate and
heat transfer coeflicient (effect of relative
position between the nozzle and the steel
plate).
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transfer coefficient,
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Fig. 11. Relation between water flow rate and heat
transfer coefficient (effect of the surface
temperature of the steel plate).
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