
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 5.2





Problem 5.4
𝑇𝑠𝑙𝑎𝑔

Casting powder



Problem 5.4
Initially, the casting powder (and its molten
state the slag) creates a thin film that
lowers the heat transfer. This film decreases
with increasing distance from the top of the 
melt.
This increases the heat transfer which
explains the increasing slope of heat flux in 
region 1.

𝑑𝑞

𝑑𝑡
= −ℎ(𝑇𝑖 − 𝑇0)

𝑇𝑠𝑙𝑎𝑔

At the maximum heat flux, the isolating
fillm is gone and there is a direct contact of
solid shell with the mould. Good contact is 
realized as the ferrostatic pressure of the 
melt presses the shell against the mould.



Problem 5.4
As the thickness of the shell increases, the 
temperature at the mould-shell interface 
decreases (see result of exercise 4.9), and 
thus the temperature gradient in the solid 
is reduced. This then reduces the heat flux 
at shell-mould interface.

𝑑𝑞

𝑑𝑡
= −ℎ(𝑇𝑖 − 𝑇0)

When the shell thickness has grown to a 
critical level such that it can resist the 
ferrostatic pressure, an air gap is formed. 
This significantly lowers the heat transfer at 
the shell surface and causes further
decrease in heat flux.

𝑑𝑞

𝑑𝑡
= −ℎ(𝑇𝑖 − 𝑇0)



Problem 5.5





Problem 5.6





Problem 5.6

𝑄𝑤𝑎𝑡𝑒𝑟 (L/min) 𝑄𝑤𝑎𝑡𝑒𝑟 (L/sec) 𝐿𝑧𝑜𝑛𝑒 (m) 𝑤
ℎ𝑤 (

𝑊

𝑚2𝐾
)

Spraying zone 80 1.333 0.2 16.625 1288

Zone 1 175 2.9167 1.28 5.696 715

Zone 2 150 2.5 1.85 3.378 536.67

Zone 3 175 2.9167 1.9 3.83 575



Problem 5.9

𝑉𝑐𝑎𝑠𝑡

50 𝑚𝑚



Problem 5.9

𝑉𝑐𝑎𝑠𝑡 =
50 𝑚𝑚

𝑡




