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Classical Theory (3): Thermostatics of
Continuous Systems with External Forces
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Generalizations: E-M-Fields
Chem. Reactions

Ref.: J.U. Keller, TIP, Part 1
Thermostatics, W. de Gruyter,
Berlin - New York, 1977.
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Thermodynamics of Processes (2)
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Local Formulation (Lab)
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Balance Equations of Mass Densities
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Balance Equation of Linear Momentum
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Balance Equation of Angular Momentum (AM)
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Balance Equation of Energy

e u

u
N

e i i i
i

e v u

u

e v P v J

J

F v

21 Total energy per
2 unit of mass

Internal energy per
unit of mass

Energy Flux

Heat flux

Energy supply by
mechanical work
of external forces

α α αβ β α

α

α α

= +

φ = ρ + +

σ = ρ∑

( )

( )

( ) ( )

N

u i i i
i
N

u i i i
i

t u

N N

i i i i
i i

t u

N

i i
i

d e P v J v F
dt
d u J P v v F
dt

e P v J e v

F v F J

u J u v P v

F J

Material balance(s)

Local balance(s)

α αβ β α α α

β α αβ β α α α

α αβ β α α

α α α α

α α α αβ β α

α α

ρ + ∂ + = ρ

ρ + ∂ + ∂ = ρ

∂ + ∂ + + ρ =

= ρ +

∂ ρ + ∂ + ρ + ∂ =

=

∑

∑

∑ ∑

∑

3/6



University of  Siegen Institute of Fluid- & Thermodynamics
Jürgen U. KELLER

05

Entropy Balance
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Simple thermodynamic system
Exchange of mass, work, heat
Principle of local equilibrium

Gibbs Fundamental Equation
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Process Equations (Flux-Force-Relations)
(Eckart-Onsager-Meixner-Prigogine)
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Example: Diffusion and Heat Transfer in 2 Component Fluid System
(No internal friction or chemical reactions)
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