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Development of Air-atomizing Mist Nozzles and Mist Cooling

System for Continuous Casting

Masashi MITSUTSUKA, Yozo FURUHISA, Makoto WAKE,

Masaki OKAJIMA, Nagao Mrvasurra, and Yasuo TAKEDA

Synopsis:

The use of air atomizing mist nozzle for the secondary cooling of continuous casting machine results in
the following advantages over the conventional water spray nozzle: less longitudinal surface cracks and
higher temperature of cast slabs, wide control range of cooling, and prevention of nozzle cloggings. The
air injection to the water spray nozzle is also good for preventing nozzle cloggings.

The authors have developed a few types of air atomizing nozzles and their application techniques, includ-
ing the air injection technique, for the secondary cooling system of the slab casters.

Discussed here are structual and fluidic features of the newly developed mist nozzles and the air injection
type water spray nozzle with reference to some technical points concerning the new cooling system and the

operational results.
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Fig. 3. Installation of mist nozzles.
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Fig. 4. Schematic diagram of a newly developed
practical mist nozzle.
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Fig. 5. Water flux and water droplet size distri-
bution (Practical mist nozzles and full cone
spray nozzles).
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Fig. 7. Effect of the header orifice on the uni-
formity of water flow ejected from practical noz-

zles at various levels of the secondary cooling zone.
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Fig. 8. Influence of the pressure difference bet-
ween water and air on the pulsation of mist flow.
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@ Limitation of fine mist (Water droplet diameter is
smaller than about 100 gm).

@ Stable region of mist flow.
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Dia. of nozzle orifice : 4mm, S: 2.5mm (See Fig. 4)

P, : Air pressure in header (kgf/cm?-G),

Qay Qw, A/W : See Fig. 5

Fig. 9. An example of atomization states of mist
flow ejected from a practical mist nozzle.

Table 1.
devices for the secondary cooling zone.
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Fig. 10. Controll range of the water flow of a
practical mist nozzle with wide controllability
(This nozzle is different from one in Fig. 9).

Demands for mist cooling and the main specifications of cooling

Name of CCM Oita, No.4, 5 Sakai, No.1 Kimitsu, No.3 Hirohata, No.1

Mild cooling © () — —
Demand (@ Mainy | Yo coskng S g 2 g

Wide controllability of cooling - — © O
Mist cooling zone No.4t0 6 No. 410 7 No.4 to 7 No.6
Nozzle type Mist Mist Mist Air-injection
Diameter of header orifice (mm) 6 4 4 -
Nowle arsangement | No2le spacing (m) 0 0 50 = o ge one noml/hcader
Water flow range Loose side 1t 9 0.9 to 11 1.3 to 17 7 10 21

(l/min-nozzle) Fixed side 1to 12 1.3 to 11 1.3 to 17 10 to 33

Start of mist cooling operation No.4: Aug, 1980 Jan., 1981 Jan., 1982 July, 1979

No.5: April, 1981
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@® Nozzle : ® Flat and full{cone spray
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® NCR : Ratio of clogged nozzles in each segment
@ Working time : ® About 5 months
of nozzles @ About 10 days
Fig. 11. Examples of clogging of spray nozzles
used in the secondary cooling zone.

Table 2. Comparison of clogging and mainte-
nance of mist nozzles with those of spray nozzles.

Works Mist cooling zone Spray cooling zone
w | Oita Little Use of walking bar
£ | Sakai Little About 20%/4 months
¥ | Kimitsu | Little About 20%/5 months
-] * 1:15 M:2.5 M:14.2,
O | Hirohata | 0. 89%/Half-month W:17.4 and V:19.8%/
Half-month
Exchange of 15 nozzles/2 )
Y | Oita months (About 500 noz-| Use of walking bar
£ zles/CCM)
£ Sakai Check/Half-month 4 Cheﬁk/Castf . 4
= . No clogging observed so | Exchange of clogged noz-
-é Kimitsu far zles/3 to 1f2 {noml:]s
. x| Cleaning of clogged noz-| Cleaning of clogged noz-
= | Hirohatd zles/Half-month zles/Half-month

* Air-injection nozzle

..:Z:Z\_
7/3
= 7
Nozzle .
P
\ﬁ\
Slab 900 950 1000

Temperature (°C)

—— ! Mist cooling
---- % Spray cooling
Casting speed : 1.2m/min
Fig. 12, Examples of the slab surface temperature
change measured by stud-welded theathed thermo-
couples (Oita No. 5 CCM).
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A : Average impinged air flux (Nm3/m2+:min)
Ve: See Fig. 5

Fig. 13. Relationship between average heat transfer
coefficient, £ and average impinged water flux, W
in the secondary cooling zone (V zone of Oita No.
5 CCM).
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