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1 Melting and Solidification
Q = m[(Tfus − T
)CP,(s) +∆fusH + (Tsh − Tfus)CP,(l)]
Tsh ≡ Tfus +

◦ superheat
Yc =

mshipped
mpoured

=
mcasting (s)

mriser (l)+mcasting (l)+mgating

1.1 Solidification Volume Change
{T = Tsh} : V(sh) =

m
ρ(l)+∆shρ(l)·(Tsh−T )

{T = Tfus} : V(l) =
m
ρ(l)

{T = T
} : V 

(s) =

m
ρ


(s)

∆TV =
V(sh)−V 


(s)
V(sh)

∆l→sV = V(s)−V(l)
V(s)

V(s) = V(l) (1 + ∆l→sV )

2 Chvorinov’s Rule

Mc ≡
(

V
AS

)
metal

αmould ≡ k
ρĈP

RoT: Mriser ≥ 1.1Mcasting

−ℓ2 = ℓ1 + ℓ1α(Tfus − T
)

2.1 Sand
ts = BsM

2
c

Bs ≡ παmould
4k2

mould
ρ2metal (l)

[∆fusH+CP,metal (l)(Tpour−Tfus)]
2

(Tfus−T
)2

2.2 Permanent
ts = BsMc
Bs ≡ ρmetal (l)

∆fusH+CP,metal (l)(Tpour−Tfus)
hmetal:mould(Tfus−T0,mould)

3 Cylindrical Risers
Mr ≡ V

AS
AS = 2πR2 + 2V

R
RoT: h = 2�, but h = � ⇒ η = 1

Mr, top = πR2h
πR2+2πR

∣∣∣∣
h=4R=2�

≥ 2�
9

Mr, side =
πR2h

2πR2+2πR

∣∣∣∣
h=4R=2�

≥ �
5

ℓn ≤ �r
2 �n ≤ 1.2ℓn + 0.1�r

4 Steel Zones of Effect
EE = 2δ RE = 1.5δ ECE = δ MCE = 2EE = 4δ
Nr =

ℓ−2EE
2RE+�r

without chill

5 Conservation of Mass, Energy, & Momentum

H̃ = z + v⃗2

2g + P
ρg + F̂

g V̇1ρ = V̇2ρ Aσ1v⃗1 = Aσ2v⃗2

v⃗3 =
√
2gh1 P2 = P3 − h2ρ v⃗2 =

√
2g(h1 − h2)

Aσ2v⃗2 = Aσ3v⃗3 tfill =
Vcavity
Aσ3v⃗3

6 Binary Phase Diagram Lever Rule

wα(Tαβ) =
wαβ

B −wβ
B

wα
B−wβ

B

wβ(Tαβ) =
wα

B−wαβ
B

wα
B−wβ

B

7 Prerequisite Material
7.1 Statics
A =

�
dA m =

�

A

σ dA

Sx =
�

A

y dA Sy =
�

A

x dA Mx =
�

A

yσ dA My =
�

A

xσ dA

Cx =
Sy

A Cy = Sx

A x̄ =
My

m ȳ = Mx

m
ISx =

�

A

y2 dA ISy =
�

A

x2 dA ISz = ISx + ISy

IMx =
�

A

y2σ dA IMy =
�

A

x2σ dA IMz = IMx + IMy

IMx = IMx̄ +mδ2 IMx = mk2x kx =
√

IMx

A

IPxy =
�

A

xy dA IPxz =
�

A

xz dA IPyz =
�

A

yz dA

7.2 Dynamics
τ⃗ = Iα⃗ τ⃗ = r⃗ × F⃗ |τ⃗ | = |r⃗||F⃗ | sin θ
W = τ⃗ θ Ek = 1

2Iω
2 P = τ⃗ω

L⃗ = r⃗ × P⃗ L⃗ = Iω⃗ ω⃗ ≡ r⃗×v⃗
r2 M⃗ = r⃗ × F⃗

7.3 Mechanics of Materials
σe =

F⃗
Aσ0

σ = F⃗
Aσ

= σe(1 + εe)

εe =
∆ℓ
ℓ0

ε = ln ℓ
ℓ0

= ln(1 + εe)

E = σ
εe

= F⃗ ℓ0
Aσ∆ℓ

ν = − εtransverse
εaxial

G =
τxy

γxy
= F⃗ ℓ0

Aσ∆x = E
2(1+ν)

K = −V0
dP
dV = ρ0

dP
dρ

KI = Y σ
√
πℓcrack

7.4 Selected Nomenclature
C Centroid m
E Young’s modulus Pa
G Shear modulus Pa
ISx Moment of area (2nd) / area mt. of inertia m4

IMx Moment of mass (2nd) / mass mt. of inertia kgm2

IPxy Product moment of inertia m4

K Bulk modulus Pa
KI Fracture toughness, plane-strain Pam1/2

k Radius of gyration m
Mx Moment of mass (1st) kgm

M⃗ Moment, bending Nm
Sx Moment of area (1st) m3

x̄ Centre of mass m
Y Geometric factor -
γxy Shear strain -
εe Strain, engineering -
ε Strain, true -
ν Poisson’s ratio -
σe Stress, engineering Pa
σ Stress, true Pa
τxy Shear stress Pa
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