Thermodynamics
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6. It is desired to melt aluminiu‘ﬁ? from a solid block at
15 °C. The specific heats of solid and liquid
aluminium are, 0.9 kJkgK and 1.11 kdkaK,
respectively, and the latent heat is 390 kJ/kg. The
density in the molten state is 2400 kg/m 3 and the
final temperature is 700 °C. The melting point of
aluminium is 660 °C. Determine the mass of
aluminium that can be melted per hour, if the power
rating of the furnace is 217 MW and its efficiency is
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Solution of the problem given in Fig.1:

The solid aluminium block at 15 °C is heated. As the temperature reaches 660 °C, the
block starts melting. During melting, the temperature remains constant. Heating is
continued till the temperature of liquid aluminium reaches 700°C. So the heat supplied is
used to increase the temperature of solid aliminimum block from 15 °C to 660 °C, melt

aliminium, and then increase the temperature of liquid aliminium from 660 °C to 700 °C.

Q =217 MW, t=1h=3600s
Hence, total amount of heat transferred, Q = Q x t = 217 x 10° x 3600 J.

For solids or liquids, the volume is small compared to the gas if we consider equal mass
of each, because the density of solids or liquids is significantly larger than gas.

The expression for specific enthalpy is, h = u+pv. Since v is very small for a solid or

liquid, h = u. We also know that, C, = %i—’; and C, = %i—:. Sinceh~u, C,=C,=C

for a solid or a liquid.

The heat supplied can be expressed mathematically as,

Q = MmCsp1igAT + MAhygtent heat + mCliquidAT

Hence,

m= Q _ 217%x10°x3600x1073 kJ _
CsotiaAT+ANatent heat +CliquiddT 0.9 ,;]—(Kx(660—15)1(+390:—£]]+1.11 k’;—fo(mo—eeo)K

769.7 kg

This is the mass of aluminium we can melt if all the heat supplied goes into heating and

melting the aluminium.



BUt, Nfurnace = 70%. It means 70% of heat goes into melting aluminium. The remaining
is lost. Hence, the actual amount of molten aluminium is mucruar = NpurnaceM =

538.8 kg in an hour.



