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Measurement of Heat Transfer Coefficient between Melt and Chill
Toshio SUZUKI, Yasunori MIYATA, Hiroshi SAKUTA and Mutuhiko OHTA
Synopsis:

A method for the measurement of the heat transfer coefficient between melt and chill during rapid solidi-
fication at about 10° °C/s is proposed. Melt of tin with different superheat was dropped and solidified on a
cylindrical chill of brass, stainless steel, nickel or chromium plated brass. Average values of the solidi- -
fication time and the thickness of samples are obtained for each superheat, and then they are extrapolated
to zero superheat.

By using these data at zero superheat, the value of heat transfer coefficient for each chill is calculated
analytically. The obtained values for chill of brass, stainless steel, chromium plated brass and nickel
plated brass are 0.70,0.28,0.39 and 0.33 cal/cm?®°C/s, respectively. It is shown that the heat transfer
coefficient does not depend on the thermal properties of chill materials but presumably on the wettability

between melt and chill.
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Fig. 1. Schematic drawing of experimental set-up.
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Fig. 2. Analytical models.

Table 1. Physical properties used for analysis.
. 4 C, A AH, T,
Material P f m
e (g/em®]| (cal/g-°C) | [cal/em-°C+s) | (eal/g) | [°C)
Tin(liquid) 6.49 0.063 0.079
Tin (solid) 7.28 0.0559 0.1528 13.82 281.9
Brass 8.56 0.092 0.236 —_— —_—
Stainless 7.82 0.118 0.039 e —
Chromium | 7.1 0.1 0.1597 — e
Nickel 8.9 0.105 0.214 E— —
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A (O): Without air-gap between melt and thermocouple

B (4A): With air-gap by discontinuous pouring

C (&): With air-gap by miss positioning of melt drop
Fig. 3. Solidification time vs. solidification thickness (brass
chill. Data are classified into three groups of A, B and C by
observing their cross sections and cooling curves.
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Fig. 4. Typical cooling curves. Symbols of A, B and C
corresponds to those in Fig. 3.
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Photo. 1. The cross sections of specimens corresponding
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Fig. 5. Solidification time and thickness vs. superheat
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Table 2. Experimental results of solidification time and solidification thickness.

Chill Initial Temperature Extrapolated
300°C 400°C 500°C values
Al © 23.4+2.0 32.2+0.5 41.6+2.2 17.1
Brass
depy® 0 0.231+0.024 0.227+0.010 0.216+0.010 0.237
. Alep™ © 40.4+£3.7 62.9+3.2 81.7+9.5 27.0
Stainless
dept 0 0.1691+0.005 0.197+0.017 0.227+0.024 0.149
: Aleyyt 0 30.3+1.1 36.7+1.8 46.0t1.2 24.5
Cr plated Brass
dopt 0 0.182+0.011 0.155+0.015 0.144+0.014 0.192
Alept 0 29.6+1.2 34.8+2.6 47.3+2.2 22.4
Ni plated Brass
deypt © 0.165+0.005 0.164+0.009 0.179+0.006 0.158

Ale,p(ms) dm,(mm) o : Standard deviation
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Fig. 6. Solidification time and thickness vs. superheat
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Fig. 7. Solidification time and thickness vs. superheat
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Table 3. Determined values of heat transfer coefficient,
hg, and Biot number, Bi.

Equation
Chill (1) (2)

ho 0.60 0.70
Brass

Bi 0.09 0.11

ho 0.24 0.28
Stainless

Bi 0.02 0.03

ho 0.34 0.39
Cr plated brass

Bi 0.04 0.05

ho 0.31 0.33
Ni plated Brass

Bi 0.03 0.03

ko in cal/cm?-s:°C
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Table 4. Heat transfer coefficient obtained by different researchers.

Heat transfer cofficient . Cooling rate
(cal/cm%' °C. S) Melt Substrate TeChmque (OC S)
Al
HARBUR et al.l 4.4~5.0 Pb Cu Piston-Anvil 6.9%105~1.2%10°
Sn-Pb
DAVIES et al.? 2.2 AR Steel Single roll 9% 105~107
FRYKENDAHLY 0.45~1.5 Fe-alloy Ag Melt drop 1.8X10%~6.3%x104
Brass ’
Present authors 0.28~0.7 Sn Stainless Melt drop 1.7X103~6.4%x103
Ni/Cr plated brass
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Fig. 9. Response curves of a thermocouple.
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