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Measurement of Heat Transfer Coefficient of
Magnesium Alloy and Temperature Change of Roll using
Heat Transfer Solidification Analysis Method
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Abstract Research is being actively conducted on the continuous thin plate casting method, which is used to manufacture
magnesium alloy plate for plastic processing. This study applied a heat transfer solidification analysis method to the melt drag
process. The heat transfer coefficient between the molten magnesium alloy metal and the roll in the thin plate manufacturing
process using the melt drag method has not been clearly established until now, and the results were used to determine the
temperature change. The estimated heat transfer coefficient for a roll speed of 30 m/min was 1.33 x 10° W/m?*-K, which was
very large compared to the heat transfer coefficient used in the solidification analysis of general aluminum castings. The heat
transfer coefficient between the molten metal and the roll estimated in the range of the roll speed of 5 to 90 m/min was
1.42 x 10° to 8.95 x 10° W/m?-K. The cooling rate was calculated using a method based on the results of deriving the
temperature change of the molten metal and the roll, using the estimated heat transfer coefficient. The DAS was estimated from
the relationship between the cooling rate and DAS, and compared with the experimental value. When the magnesium alloy
is manufactured by the melt drag method, the cooling rate of the thin plate is in the range of about 1.4 x 10° to 1.0 x 10" K/s.
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Fig. 1. The Schematic diagram and analysis model of experimental equipment on melt drag method.
Table 1. The experimental and analysis conditions. 3. AT ZEAMAE EAAME ot
Material AZ31 4, AAHS AZFE wo] S8 B W] rE U
Roll material Cu ?_5}14.
Roll speed (m/min) 5~90 5. o]u AA WM E nzEe )
Pouring temperature (°C) 780 Lo - 12 =
Liquid level position (mm) 145 6. 29 S 250 FAgle] A
Melt height (mm) 25 7. S| WAL FYo thg B At Ao
Initial roll temperature (°C) 20 w2}
Molten metal analysis range (mm) 13.45 = o] AEMO Th o1
Molten metal nesh size (mm) 0.05 8. =& H, ti7ete] HEUS ddR Hof 9tk
Roll analysis range (mm) 220 9. 314 Fig. 13} 7o] &83} 2o] HE3 & vy
Roll mesh size (mm) 0.5 o] =28 UL w7 = st}
Table 2. The properties of rolls manufactured Cu and properties of Aol ARE-SE 7|24 T3} o] ARkl dakd
AZ31 magnesium alloy. v A} dHAEA ot}
AZ31 Cu )
- 3 oT A o°T (1)
Density (kg/m”) 1780 8920 E: —QD 5
Specific heat (J/kg-K) 1050 385 PEP oz
Latent heat of metal (J/kg'K) 339 - 7} WAl I AR AR
Thermal conductivity (solid) (W/m-K) 120 399 7 A R 7]
(liquid) (W/m-K) 76 - . < . < . =] =7
Liquidus line temperature (°C) 630 - Ty =Tp 0= x= rn - 271 24)
Solidus line temperature (°C) 575 - (2)
T, =T, (x<0:z7] 4) 3)
o = /4 ZA A zALS U [os ] 2
oo, e «102 RO AREAE I 0Ty M 0Ty gy )
“°ﬂ Ol&J EA79S Table 201 YERARITH L244) T N
A dds WAAE xR (finite  difference atB — (jj 2” (-rp <x<0) (5)
method)’& ©]-g3ate] 1S 3Tt ool £ a2 Pr-Pr o
X Q.35 AL 0Ty, - QE)E
] s 7P ek g, B(Ty—Tp) = Ay (2 (=02 825) ©
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o S ) o) 2
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Fig. 2. Corresponding thin plate thickness result by changing the
heat transfer coefficient between roll and molten metal (roll speed:
5~90 m/min).

Table 3. Relationship between estimated roll speed and heat
transfer coefficient.

Roll Thin plate Contacting Heat transfer
speed thickness time coefficient
(m/min) (mm) (s) (W/m*K)
5 3.53 6.92 x 10" 1.42 x 10°
10 2.62 3.46 1.20
20 1.82 1.73 1.34
30 1.42 1.15 1.33
50 0.9 6.92 x 107 9.40 x 10°*
90 0.53 3.85 8.95
1.00E+06

1.00E+05

Heat transfer coefficient (W/m?-K)

1.00E+04 . 1 . .
0.00E-+00 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E+00

Contacting time (s)

Fig. 3. The relationship between the contacting time of the molten
metal in the nozzle with the roll and the heat transfer coefficient.
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Fig. 4. Temperature change with the roll speed is 30 m/min.
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Fig. 5. Microstructure observation and DAS measurement result in
the central part of the manufactured thin plate.
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Fig. 6. The relationship between the distance from the roll surface
and the cooling rate for the roll speed of 30 m/min.
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