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αopt = coth Pe–1/Pe (optimal)

αcrit = 1–1/Pe (critical)
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(a) Original form

(b) Form after one revolution using consistent M matrix

(c) Form after one revolution using lumped mass (Lax–Wendroff)
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Lumped

C = 0.5, 1/T

Lumped

C = 0.1, 1/T

C = 0.5, 2/T C = 0.1, 2/T

Consistent

C = 0.5, 3/T

Consistent

C = 0.1, 3/T
(a) Courant number = 0.5 (b) Courant number = 0.1

Lumped/consistent M  Courant number = 0.5 Courant number = 0.1
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Streamlines Pressures

(a) Stokes flow, viscosity 1, 9600 iterations

(b) Re = 400, 4400 iterations

(c) Re = 1000, 6100 iterations

(d) Re = 5000, 48000 iterations
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O (h ) (T3B1/3C)

O (h2) (T6/3C)

+ O (h2) (Q9/4C)

(a) Continuous p interpolation

+ O (h2) (T6 B1/3D)*

+ O (h) (Q4/1D)*

+ O (h2) (Q9/4D)*

+ O (h2) (Q9/3D)

+ O (h) (T6/1D)

(b) Discontinuous p interpolation
Velocity node
Pressure node
Denotes elements failing
Babuska–Brezzi test but
still performing reasonably
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σ

ε
•

µ

(a)Linear, newtonian, fluid
ε
•

σ ∝ εm

σ

ε
•

µ

(b) Non-newtonian polymers

σ

ε

|m | < 1

µ = σ/3ε

ε
•

σ

ε
•

µ

(c) Viscoplastic-plastic metals

σ ∝ (σy + γεm)
(Bingham)

γ = 0
(Ideal plasticity)

σy γ = 0

γ > 0

ε
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Moving mesh

Extrusion

Rolling

Forging

Cutting

Sheet forming
(deep drawing)

(b) Transient
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(b) Comparison of Wave Profiles
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CBS: Anisotropic Shock Capture
CBS: Second Derivative Shock Capture
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Density contours
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Wake region, density contours
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Initial mesh, 1804 points, 3487 elements Mach number
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Mach number
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adaptive mesh, 916 points, 1830 elements
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40 elements

80 elements

160 elements

(b) Solution for 40, 80 and 160 elements
(b) at various times

(a) Problem statement

Wave
propagation

Hl

a = 0.1

10 10
40

η = a sech2 1/2 (3a)1/2 (x–α–1)

u = –(l + 1/2a) η/(αx + η), a = 0.1, g = 1.0, α = 1/30

Initial
conditions
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Cylinder radius: a = 1 m, radius of the meshed region R/a = 7
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(b) Contours of wave height amplification, grid 3. 232-s wave period
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Unstructured grids
or multiblock Euler

inviscid method

Direct calculation

Lag-entrainment
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viscous method
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Cp,s

ρVN

VN δ*
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Unstructured grids
or multiblock Euler

inviscid method

Direct calculation

Lag-entrainment
boundary layer
viscous method

Direct calculation
δ, θ, Cf, H

Cp,s
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ρVN
m + 1 = ρVN

m + K*
θ

uv

duv

ds
– θ
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ρVN =     (ρv uv δ*)
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