
Ideal contact
between mould
and metal

General case

Special case: Poor conductivity of mould: 
sand casting: assume 𝑇𝐿 = 𝑇𝑖

Poor contact
(air gap is present 
between mould
and melt)

General case

Special case: Nu<<1 (<0.1)
• Low heat transfer coefficient at mould-solid 

interface
• Thin solid thickness
• High thermal conductivity of metal



Problem 4.2
• Centrifugal casting provides good

contact with the mould.
• Cu chill mould has high thermal

conductivity.

https://www.youtube.com/watch?v=zSPaoGwPXlo

https://www.youtube.com/watch?v=zSPaoGwPXlo




Problem 4.2

𝜆 𝜆 2 erf(𝜆) exp(𝜆2) 𝜋𝜆exp(𝜆2)(0.3272+ erf(𝜆))

0.8 0.64 1.896 0.7421 2.875

0.79 0.6241 1.866 0.73592 2.77

0.795 0.632 1.8814 0.739 2.826

𝜆 = 0.795 𝑒𝑣𝑒𝑛 0.79 𝑖𝑠 𝑓𝑖𝑛𝑒



Problem 4.3

900 mm

900 mm

100 mm

qq

Bilateral solidification

The solidification thickness 𝑦𝐿 is half of the thickness of 
the casting.

Chvorinov’s rule

𝑡 = 𝐶(
𝑉

𝐴
)
2

V= Total volume of casting
A= Total available area for heat extraction
C= Material-dependent constant
Take a,b,c as three side length of a rectangular body
V=abc (for a rectangular body)
A= 2(ab+bc+ac)
For thin casting, when c is significantly shorter than a and 
b, for example
A~ 2ab

Then

𝑡 = 𝐶(
𝑉

𝐴
)
2

= 𝐶(
𝑎𝑏𝑐

2𝑎𝑏
)
2

~𝐶 (
𝑡

2
)2

Solidification length
for bilateral case





Problem 4.6

Hint: Bilateral solidification, poor contact

Stage 1: Very good contact between melt and mould.

h is affected by

• Mould wettability by the melt

• Pouring temperature

• Mould roughness

• Mould temperature

• Melt momentum during pouring

• Mould thermal conductivity

• Metallostatic pressure

• Melt turbulence

h value ranged from 2,100 W/m2K for 

cast iron in a metal mould – 19,000 

W/m2K for Al-Si casting on copper

chills.

AN Vasileiou, G-C Vosniakos and DI Pantelis. Determination of local 

heat transfer coefficients in precision castings by genetic 
optimisation aided by numerical simulation. Proc IMechE Part C: J 
Mechanical Engineering Science 2015, Vol. 229(4) 735–750.





Problem 4.9



Problem 4.9 (a)

Air gap Air gap



Problem 4.9(b)
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