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Influence of Oxide Scale on Heat Transfer Properties of Ni Bearing Low-alloy Steel.

Toru Karo, Yoichi Haracucn, Masayuki Kawamoro and Tudao WATANABE

Synopsis

: The effect of surface oxidation on heat transfer of a low-alloy steel with Ni of 0-4.9mass% was investigated. Cooling

curves were obtained by means of 10mm thick plate heated and oxidized by induction heating in air at 1473K for 300

sec. The results obtained are summarized as follows.

Heat transfer properties change noticeably depending on Ni content. As the Ni content increases, transition boiling
begins at higher temperature. At temperatures below the breakdown temperature of film boiling, i.e. the lower limit
temperature of film boiling, the heat transfer coefficient has risen with Ni increase, while above that temperature it is

independent of Ni content.

During the heating and cooling scale layer adheres to Ni bearing steel surface. The adherent scale layer becomes

thicker with increase in Ni content.

The scale layer consists of oxide and Ni enriched metal, and seems to be a subscale peculiar to Ni bearing steel.
Change of the heat transfer properties depending on Ni content is due to the adherent scale layer. The scale layer has
low effective thermal conductivity, and produces a steep temperature gradient in it during cooling. As a result true
surface temperature is lowered, and transition boiling begins at higher temperature.
Key words : heat transfer ; oxidation ; cooling ; boiling ; low-alloy steel ; Fe-Ni alloy ; subscale ; mist cooling ; spray cooling.
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Table 1. Chemical composition of specimens. (mass%)

C Si Mn P S Cu N Ni Al
0.08 0.3 1.4 <0.003 <0.003 0.2 0.01 0.0-4.9 0.03

]
Thermocouple hole
""""" O g
Cooling surface S
10, 120
Fig. 1. Profile of specimen.
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Fig. 2. Experimental apparatus.
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Table 2. Experimental conditions.

Spray Mist
Type Ful lcone Flat
Water Pressure(Pa) 3.8%x10° 1.6%x10°
Water flow rate(m’/s) 9.2x10° 9.2x10°
5
Air pressure(Pa) - 1. 4><10_
Air flow rate(m®/s) - 2.6x10°
. 0.13.0. 0165
Dist (m), Water flux 0.13.0.0035
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Fig. 3. Effect of Ni content on cooling curves.
a)spray cooling (W=10.0035m?/m2/s)
b) mist cooling (W =0.0165m?/m?/s)
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Fig. 4. Effect of Ni content on heat transfer coefficient.
a)spray cooling% (W=0.0035m3/m?/s)
b) mist cooling (W=10.0165m?3/m?/s)
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Fig. 5. Breakdown temperature of film boiling dur-
ing the cooling experiment.
a)spray cooling b)mist cooling
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Fig. 6. Cooling curves during radiative cooling.
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Fig. 7. Microstructure of adherent scale after mist

cooling
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Fig. 8. Relationship between Ni content and thick-
ness of adherent scale.
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Fig. 9. Relationship between thickness of adherent
scale and breakdown temperature of film
boiling.
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Fig. 10. Roughness of cooling surface after cooling.
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