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No stress is generated when a fluid is ::&ha
s%mﬁ aomm Sm Qh<m pr wm:o%
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GLVE PrediCﬁiOﬁfbr Rigid-Body Rotationaroﬁhd the z-axis

0 0
2(cosy — 1) 0| df
O : ;.gi: f";f 0

o XYz

Why does GLVE make thls erroneous '
predlctlon‘?

7/(1 )= Vu(t 1)+ [Vu(t t')]r
//\ u(t, t’) =r() - r(t)

Because thls Vector while accounting for
deformatlon also ﬁfcafm;m for changes in
orien mnm
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m\Qu 5 = Vu(t,t) + 7&? Nuﬁ Accounts for changes in
| shape and orientation.
B 3 = l& é e

Orientation changes Orientation changes
| (r changes direction) . Shape changes
e [%Eﬁmn@ombﬁngmn. R P |
aaﬂmﬁ of r - doesnot

© Faith A. Morrison, Michigan Teck



We desire a strain tensor that moocwmﬁo_% captures large-strain
deformation without being affected by rigid-body rotation.

2

Consider: | time=t
Shape and position of a
deforming body at ¢’

time=t

pe and ﬁ@mngs of
body at ¢

fixed coordinate & -
system (Xyz)

© Faith A. Morrison, Michigan Tech U.
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“XAMPLE: What is the inverse-deformation gradient tensor
n steady shga flos ‘> . R

I~
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shea.r in
© . 1idirection

tensor ;| with gradient

uniaxial elongation
in 3-direction

ccw rotation
around é;

in 2-direction

| /1 00
_—F_—;(f: fi) | Mﬁfl 10

/123 =
- / 1 0.0 es 0 0
Ewy | 710 O
R R
/1 -y o /e 07 0\
. 0o .0 1/, \0 0 e/
1+92 7 0 e 00
CARIC% ) N I B 0t 0
0 01/, 0 0 €/,
o 0 - 0 -1 0 0
7)o 0 0 el 0
0 1 123 ¢ 0 0 el

[ cos v,b —siny O
sing)  cos ¥ 0
0 0 1
cosy siny 0
—siny cosy O
0 0 1

I

1

g

0

Table 0.3: Strain. tensors for shear and extension in - Cartesian coordinates.

1” IR i £ ) .
For shear flows y=1(t,t) = é () dt" = / 491 (t") dt” and for elongational flows
, N SRR i 3 ‘

f/t

clockwise (ccw) rotation around the é€s-axis.

€ = ﬁ(tl, t) :

e(t”)dt" . The angle 7 is the angle from z(t) = £'to £(') ='¢’ in counter-




sor that accurately Capturés{fliérge-strain
being affected by rigid-body rotation.

210 Mal

| l | All these strain measures 1nclude

o F sl

both deformation and onentatlon |

orlentatlon 1nformat10n in F and F L using a

techmque called

. © Faith AMomson, Michigan
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Polar Decomposition Theorem

Any tensor for Wthh an inverse exists has two
uniqueé decompositions:

Pure rotation ten

i _ ET },
Ortho‘gonalf tensor

[N
I

|
| o
Ny
N
T
=

=
I
N
RO
RS
ol
I
(NN
I

U,V
-1 Symmetric, nonsingular

tensors
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(AMPLE: Calt} late the right stretch tensor and rotatlon
nsor for a glvei,ﬁ tensor Calculate the angle threugh which R
tates the Vecto o |

I
Il
&

Ixyz 4\1/xyz g

.....................
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We have pa‘ﬁ ‘il’""‘allyjilsolated the effect of rotatron
th :"Ough polar;, ﬁecemposrtron S

ret::rtrera fensor
F left streteh tensor

',._»A RU V-R

( s L right stretch tensor

original (strain) tensor

We can further 1solate stretch from rotatlon by
consrdermg the eigenvectors of U and V
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