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Outline

= Motion & Inverse Motion

= Time Derivatives

= Velocity and Acceleration
= Deformation Rate Tensor

= Spin Tensor & Vorticity
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Body = Collection of Material Particles

Motion: x=x(X, t)

Inverse Motion: X=X(x,t)

X= Material Point = Position of particle at time zero
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Straezmlines S

Streamlines are curves tangent to the
velocity vector field

dx, dx, dx,
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Strazk Lines %

The streak line of point x° at time t is a line,
which is made up of material points, that have
passed through point x° at different times T < 1

X} passes through x°at time t
> ;xg:xﬁ(xo,@
Streak lines ixi = xi(XO (xo,fc),t)

For fixed t
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dxk axkdx = X, Xy

OX,
Xk = X <:|I Deformation Gradient
K
oX .
X =K Inverse Deformation
ko " <:| Gradient
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Deforinziion Tansors e

Element of Arc in the
Deformed Body

Element of Arc in the
Undeformed Body

Green Deformation = ,
Tensor eeoeeeemererere———

Deformation Tensor i L Kk L Ok
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Lagrangian @; 2E KL = C KL 8KL

Strain Tensor

[ds? —ds? = 2E, dX dX,

Eulerian
Strain Tensor :> i 26 ke — 8 kf

[ds? - ds? = 2e,,dx,dx,
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Partial Time
Derivatives

dA _0A| _0A  0A x|
dt  ot|y ot ox, ot|,

Material Time
Derivatives I:>

dx; _

=X,
. dt

Velocity :>3Vi z% -

Acceleration
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Path Line S

ix = x(X, t) |==—"> | For Fixed X
%:vi (x,t) :> Path Line

Time Derivatives

d d
ia(dxk) = _(Xk,KdXK) =V, (dXy =V, dx,

_ 0 dx,

g (kK) ax dt =Vik = Vi Xy
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idkf —%(VM +V, ) —(ds ) =2d,,dx,dx,

Identities

CKL = 2EKL = 2dk£Xk,KX£,L

adez = CKLXK,kXL,f = ZEKLXK,kXL,K
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Riviin=Ericlean Tansopg Catson Rate of Voluing Change Caisen
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Reynolds Transport Theorem Ciaisen Spin and Vorticity e

;% Iffov =[] av s frv-as S Temmers] =

Proof . o
d d df dJ Vorticity Vector
aj!jfolv:awfJolV:jy(EufE)olv
. Angular Veloci
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