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INTRODUCTION 

  
 Deformable solid is a thermodynamic 
system, which can receive or yield to environment 
the mechanical work, electrical or magnetical tasks, 
heat, etc. The state of deformable solid is reflected 
with the help of thermodynamic variables, such as 
temperature and spherical tensor. Knowledge of 
thermodynamic variables equates to recognize the 
currents state of the deformable solid.  

In this paper we study in detail the influence 
of thermodynamic variables: the stress tensor and 
temperature, on the thermodynamic processes 
which occur in the solid under action of exterior 
forces.  

In this way we obtain passage from the 
formulation of principles of thermodynamics in 
global variables to local variables. 
Through local variables may be described under a 
unitary form all inhomogeneous thermodynamic 
processes.  
  
 

1. THE FIRST PRICIPLE OF 
THERMODYNAMICS 

 
 
Mechanical Power of surface and volume 

forces which acted upon C ′  in current 
configuration ( )K  at t moment  [ ]nt,tt 0∈  is 
given by relationship  
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Integrals are taken in current configuration 

( )K .  
 The caloric power obtained by C ′  can be 
written by form 
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where )t,x,x,x(cc ii 321∈  is amount of heat 
received by C ′  thought conduction per unit area of 
his boundaries, but )t,x,x,x(zz 321∈  is quantity 
of heat received by C ′  thought radiation per unite 
of mass and time. 
 The experience shows, that for all 
thermodynamic processes which bind the initial 
state at 1t  moment a final state at 2t  moment, 
where [ ]Mt,tt,t 021 ∈ , integral 
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has the same value, than integrals ∫
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t

t

Pdt  and 
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Qdt  depend in general not by only states of 

system at 1t  and 2t  moments but the 
thermodynamics processes which linking them. 
Plus, is found that (3) integral is proportional with 
system mass, if this system is homogeneous. 
 These experimental results involve the 
existence of some variable of extensive state, called 
the total system energy, which satisfies the 
equation 
 
                                QPE += .                          (4) 

 
 The relationship (4) is called the energy 
balance equation, represents the math express of the 
first thermodynamic principles. 
 The difference 
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between total energy of system and his kinetic 
energy  

 



20                                                                                 Regarding to thermomecanics of irreversible processes                     
 

                             ∫=
V

ii dVuuK ρ
2
1

                 (6) 

 
Is called the internal energy. As E and K are 

extensive variables, U should be the same extensive 
variables, and we can write 
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where e is internal energy intensity per unit mass. 
 Introducing (1), (2) şi (5) - (7) în (4) obtain 
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One the other hand, from 
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 Substituting (9) in (8) and taking into 
account the equality 
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obtain 
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 Using in this relation the Gauss-
Ostrogradski relation  
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will transform the surface integrals in volume 
integrals. 
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Consequently we obtain 
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 Taking into account in this relationship the 
equation of motion of continuum   
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and that any tensor can be decomposed in 
symmetric and antisymmetric components  
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will find 
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 Replacing the past relationships in (11) and 
observing that sub domain is arbitrary, obtain   
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          zcute i,iijij +−=ρ ,  
 

                                 rcq i,i +−= .                    (13) 
 

The last relation expressed the local shape 
of balance equation of energy. We notice that the 
first thermodynamic principle allow establish of 
mechanic equivalent of heat, so, from dimension 
point of view, will have [ ] 22TMLcalorie = . 
 
 
2. THE SECOND THERMODYNAMIC 

PRINCIPLES 
 
 The first principle of thermodynamic can be 
interpreted like a possibility of transformation of 
mechanical work in heat and mutual with a single 
condition, that the total energy of system remain the 
same. That way this principle does not require no 
one restriction on evaluation meaning of 
thermodynamic processes. Contrary, the second 
thermodynamic principle has introduced the 
discrimination between reversible and irreversible 
processes. The passing criterion of system from 
reversible state in irreversible is contained the 
second thermodynamic principle, which operates 
with two new definitions temperatures T and 
entropy S. Is supposed, that in each t moment exists 
one scalar field )x,x,x(TT 321=  determined in 
each point of deformable solid. Size T is called the 
absolute temperature of material particle M, which 
in t moment is in )x,x,x( 321  point. The absolute 
temperature T has never had the negative values. 
The unite of thermodynamic temperature is taken 
by Kelvin. This new value can’t be related in 
natural way with fundamental units of mass, length 
and time. 
 After Clausius for any process exists a state 
extensive variable S called entropy. dS variation of 
this state function will consist from edS  variation 
thanks interaction with rest of the universe and from 

idS  variation thanks to phenomena which have 
place in interior of system 
 
                            ei dSdSdS +=                     (14) 
 
 Allowed, that edS  variation is given by 
 

                             
T
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but idS  of 
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ddSi
ϖρ = ,        0≥ωd ,         (17) 

 
equality taking place in case of reversible processes, 
in case of inequality, the process is irreversible. 
From (16) – (18) results that 
 
                   ϖρ += qST ,               0≥ω ,      (18) 
 
 These relationships represent the second 
thermodynamic principles. An another form of this 
inequality, convenient for applications, can be 
obtained taking into account the local form (13) of 
the first principle. Than result 
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where 
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 The second thermodynamic principle can be 
obtained starting from different assumptions of 
physic nature. So, Clausius reach to this result 
starting from another idea: is impossible that one 
consequently of one string of changes suffering 
to one system to decrease to complete 
transformation of one quantity of heat to 
mechanic work. Caratheodory used the more 
general hypothesis, he admitted that is impossible to 
reach to all thermodynamic states near the initial 
arbitrary state through one adiabatic process 
( )0=dQ . The thermodynamic processes for them 

.constT = , so 0=dT , is called isothermal, in 
case of one reversible isothermal process dQ  is 
a total exact differential. 
 Both S  entropy and U intern energy are  
sizes which can’t be calculation than making an 
abstraction of additive constant 0S , respective 0ε , 
in practice this thing is sufficient, because these 
constants disappeared from calculus. Actually,  

0S  constant can be determined by means of Nernst 
theorem, which stated that at zero temperature 
entropy S  is equal with zero. 

One thermodynamic process, for which 
entropy is constant, 0=dS  is called isothermal, 
the second thermodynamic principle is showed us 



22                                                                                 Regarding to thermomecanics of irreversible processes                     
 
that reversible and adiabatic processes are 
isentropice. 
 
 

3. CONCLUSIONS 
 

Was obtained the local expresses of 
thermodynamic irreversible processes, expressed by 
thermodynamic variables the stress tensor and 
temperature.  

Starting with general thermodynamic 
principles the structure of relation between strain 
tensor and gradient of displacement was defined, in 
function of way of define the stress tensor. 

In this way was demonstrated, that the 
definition of strain tensor can’t be defined in 
independent way. 
 So, synthesis of mechanical and thermo 
dynamical principles is necessary not only at stage 
of constructing of governing equations and at stage 
of elaboration of geometric relations. 
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