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The thermodynamical state functions
and corresponding constitutive relations
for the Hooke elastic solid in an arbitrary
curvilinear coordinate system

Mountajab Al-Hasan ' & Ghaith Aziz Saleh *

Abstract

The paper concerns the mathematical model that governing the
thermomechanical fields, describing the thermodynamical behavior
of the Hooke nonhomogeneous and anisotropic elastic solid, shortly
called (H), mathematically discussed by Hooke. In the paper, first
we discuss the free energy related to the body volume element as a
function of the strain tensor field and the temperature field, and we
derive the related constitutive relations corresponding to the iso-
thermal process in a curve coordinate system. Next, we discuss the
internal energy related to the same body volume element as function
of the strain tensor field and the entropy field, and we derive the
related constitutive relations corresponding to the adiabatic process
in a curve coordinate system. Then, we discuss the Gibbs thermo-
dynamical potential related to the same mentioned body volume
element as a function of the stress tensor field and the temperature
field, and we derive the related constitutive relations corresponding
to the isothermal process in a curve coordinate system. Finally, we
will end the paper by proposing three problems for discussing.

" Professor At Department of Mathematics—Faculty of Science—Al-Baath University.
* Master Student At Department of Mathematics—Faculty of Science—Al-Baath University.

Key words: The thermodynamical state functions, the corresponding constitutive
relations for the (7H) elastic solid in a curve coordinate system.
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9. ST oAse (4.64)
=2ysg”+g”(ﬂsgk -99),

_ k
T= -9 &y

(4.65)

33Ld o8.54) JCA alied) Silaie (Ff) Gpall cidall pend SIS 1Y L3/ (3
s SN el 48] gal) Lpssnali) BN 5 S10lind) g0 4il] GibDS () paS (0 SIS inic
.. 1 . ,
—G(G'J,T)ZE[’ngijgkﬁﬂT(gifgjk +gjzgik)]°—”°—k[+
(4.66)

ii C

1] o n2

tag.: oo+ =99
9 27,
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Gij = [ﬂTgijgk€+,uT(gi€gjk +9jggik)]0'k€+ g 0, (4.67)

S=ag;j o)+ Cyr (4.68)

TO
Ll

—g(o'ijfr):%/ﬂo'ii O'jj + ,UTO'ij o)+

g (4.69)

+ao] 6+ o @2,

0
8= 21050 +2uT 0 + gy 0= (4.70)
zzﬂTGij +gij(/1TO'kk +a0),

S=aok + g2 (4.71)

TO
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Jlei¥) adaial oS Byal) Alall s J¥1 ) ¢ A4S Jmie Jlaa) alis 3 elld
Wl eds i1y Jledy) adaial aiS dglalal) d8lall ga SN aulilly cAallaall 5y)ally
Adllaall 5ally seayl abia oS Suliagasill Gibbs (5eS 52 a1 Ul
Alliad) Ja et ) Aadlal) diaiall colBlaay) s of oSay acly el dpaal aSsg

ST (b ALl Jlaas 30 il 1n 585 of (S sla il (Ll
PN B el bl ) JaY Al Guiisale) 2740
IS dins i)l Aslaas ghyall Jeagill & Fourier osils a2 24/

(&S Sade Sl alai el
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