
Ch 02 
Fundamentals of rheology



Types of flow

Shear flow Extensional flow

각 flow의 특징을 기술할 수 있어야 함



Shear flow

Steady shear viscosity γση &/=
γγσγη &&& /),(),( tt =+Transient shear viscosity

Storage and loss moduli )]cos()()sin()([)( 0 tGtGt ωωωωγσ ′′+′=

Phase angle 0° < δ < 90°

Strain

Stress



Dynamic properties



Shear viscosity and normal stress difference



Extensional flow



Kinematics

Velocity gradient tensor

⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

≡∇

3

3

3

2

3

1

2

3

2

2

2

1

1

3

1

2

1

1

xxx

xxx

xxx

υυυ

υυυ

υυυ

v

Shear flow Extensional flow Uniaxial flow Mixed flow
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Deformation gradient tensor Exx ⋅′= δδ

⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

′∂
∂

′∂
∂

′∂
∂

′∂
∂

′∂
∂

′∂
∂

′∂
∂

′∂
∂

′∂
∂

=
′∂

∂
≡′

3

3

3

2

3

1

2

3

2

2

2

1

1

3

1

2

1

1

),(

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

tt
x
xE



Finger tensor EEB ⋅≡ T

Shear flow Extensional flow
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Stress tensor

δσT p−= Dσ η2=
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