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Mechanism of Uneven Thermal Distribution Formation during Water Cooling
at Low Temperature for a Moving Plate

Naruhito SHON, Michiharu HARIKI, Yoichi HARAGUCHI and Masataka MORITA

Synopsis : In order to investigate the basic mechanism of uneven thermal distribution formation at low temperature during water cooling for a moving

plate, an experimental study with full cone spray cooling or flat spray cooling was carried out.

The results obtained under certain conditions are summarized as follows.

(1) The quench point was at a temperature range between 230°C and 240°C during full cone spray cooling, and it was almost constant
for a stationary plate and a moving plate.

(2) The cooling curve varied with starting temperature of cooling, velocity of the plate and water flux during flat spray cooling. Three
types of thermal distribution were formed in the following order, as starting temperature of cooling decreased.

Type I: Uneven thermal distribution was formed in the case where the temperature of the whole surface after cooling is higher than the
saturation temperature of water (100°C).

Type II: Uneven thermal distribution was formed in the case where the surface was cooled partially to the saturation temperature of water.

Type III: Uniform thermal distribution was formed in the case where the temperature of the whole surface was cooled to the saturation
temperature of water.

(3) Both quenching during full cone spray cooling and forming of type II-III during flat spray cooling could be explained by a boiling

mechanism (i.e. film boiling, transition boiling and nucleate boiling) in a temperature range of 180°C to 200°C.
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Fig. 1. Schematic diagram of cooling experiment.

Table 1. Experimental conditions of cooling experiment.

Test piece size

w300mm X h250mm X t0.8mm

Heating temp. 400 C
Starting temp. of cooling (Ts) | 180 °C — 300 °c

Water temp. 30 °c

Cooling nozzle Full cone spray | Flat spray
Nozzle angle 90° 45°

Water flow (at 1 Nozzle) 4 1/min 4 Vmin
Nozzle pressure 0.036 MPa 0.024 MPa
Moving velocity (V) 0.50 m/s 0.37, 0.50 m/s
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Fig. 2. Water flux distribution of full cone sprays and flat
sprays.
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Fig. 3. Cooling curves and heat transfer coefficient curves
during full cone spray cooling for a stationary steel
plate.
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Fig. 4. Cooling curves and heat transfer coefficient curves
during flat spray cooling for a stationary steel plate.

TSR IZ Bk AR 5 72 0 AREBM R H 20 - 7 RN &
Nnich -7,

—H, 779 b ATV —TiF, HIBAOMNE THHAIAS
THLKBHRELS B->THY, HHIKOEHRERBTRICK
WTERBEMER I - =HE LRI LR Eh Tk,
3.2 FMIEARANKARER

Fig. 3 LU Fig 4 l27 00— 27 L —BLkU7 5y
P2 TV =2k BRHEWMAGRBRIC B 2 B HORIERE &
Zho XKD -BURERMRE T h LT RT, =721,



350 T T T T T
T Measurement J
300 F ¥ F

points 3

50:nl-..l.- I::lnl.l

" . " " " PO I P PR Ny
0.0 1.0 2.0 0.0 1.0 2.0 0.0 1.0
Time (sec)
Fig. 5. Cooling curves during full cone spray cooling for a

moving steel plate. (Velocity: 0.50 m/s)
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Fig. 6. Cooling curves during flat spray cooling for a mov-

ing steel plate. (Velocity: 0.50 m/s)
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Fig. 7. Cooling curves during flat spray cooling for a mov-

ing steel plate. (Velocity: 0.37 m/s)
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Fig. 14. Effect of temperature at A-zone end on heat trans-
fer coefficient right after A-zone.
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