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Thermodynamics (Abeyaratne Chapter 5): ’
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First law: Ba ergy

% fj %gv-v&\g %JFQC(V&L> < | 1 'VQ/ﬂﬁ 4j)0b\/&\12
72 (D R el ¥y sy G SHL @)
DIV
N jL@M& ij AV
€ ou\ hasd Floy Q @

quwwé PVX

_ Tigrmel ot

iilifﬁé%f““vg \§%w4ﬁ ~{ ol j
<+

blad e o Qg\ o) o @ #

@ = SPJZQA/\% - SJDWWX%:&W QQMJ

A ———,»
g\:( Aw\% F@(@\Dk@ SO \Aag ”W\&QQW\Q ka\/\ Ny Qﬂgfél/@
+he dlgs el «C@%dg

é?%@“d\;ﬁ%&@ §gendhy- SQWW
Y |

Oy

Continuum Page 1



J = |
Continuum version of it 7= | 1
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New terms relative to what we did for hyperelastic material
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2nd law of thermodynamics: U
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How about continuu of 2nd law of thermodynamics
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The rate of entropy flux (q) and entropy supply (Q) cannot exceed the / O\H

rate of increase of entropy
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T:is qdatlon s ulfedto_ row down the form of constitutive equation for solids (e.g. damage mechanics and plasticity) and fluids to derive the so-called
e e gy
1. Helmholtz free energy per unit mass: — P = @
2. Enthalpy per unit mass C{J AW

3. Gibbs free ene

rgy

See Abeyaratne equation (5.15)

The full set of equations:
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Another way to write 2nd law 2 ° - /
< Qis replaced from 1st law @ . . {Q (l@ <
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Example 1: Constitutive equation for COMPRESSIBLE ELASTIC FLUID (12.1 Abeyaratne)
s
T=-G (F ) —= oty 1.0 —

Symmetry group for compressible elastic fluids contains ALL unimodal transformations

Refer to

Definition 112 (Noll, 1958) Given an elastic body and a reference config-

0
uration that corresponds to the region B, the material symmetry group at the
material point identified by X in the reference configuration is the set

Msg = {H € Unim V' : G(FH,x) = G(F,x) ¥ F € Lin

vy

Again, it should be emphasized that the material symmetry group is char-
acterized by tensors H that correspond to the gradients at X of deformations

not the deformations themselves. This is because the mass density and the
elastic response function in the second reference configuration depend only
on the gradient of the connecting deformation. Also, note that H € Msg_ is
not a tensor field, but rather the value of a tensor field at x.

The following theorem presents a property of all orthogonal elements of
Msg, that derives from the Principle of Material Frame-Indifference.

For isotropic solid material, what should be symmetry group of
constitutive equation?

All rotations belong to symmetry group.

What is the material that ALL unimodal tensors belong to its symmetry group?
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"Elastic fluids' would have all unimodal tensors in their const. eqn. symmetry group:
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