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Irreversibility of Processes in Closed System
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J.P. Joule
Stirring experiment

J.B. Fourier
Heat transfer

Gay-Lussac
Gas expansion
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Gas Expansion Process
Irreversibility

Reversibility
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2nd Law (1): Clausius Entropy
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Gibbs Equation (Simple System)
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Entropy of Ideal Substances

Ideal Gas Ideal Liquid
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Entropy of Water (H2O)
K. Stephan, W. Wagner
IAPS (1985)
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2nd Law (2): Clausius Inequality
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Interpretations of the Clausius Entropy (S(Z))

1. M. Planck (1885)
Measure for “probability”, tendency, preference of a system 
to actually realize a certain equilibrium state (Z).
(N2-gas in steel bottle)

2. L. Boltzmann (1890)
Measure for molecular “disorder” in a system in state (Z).
(Crystal, liquid, gas, plasma ...)

3. C. Shannon (1948)
Measure for “lack of knowledge” of the micro- i.e. molecular 
state of a system (Σ) in a given macroscopic state (Z)
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Stirring Experiment of J.P Joule
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Maximum Work of a Mass Flow (H. von Helmholtz (1890))

m

m

dm

dm

dWt dQ

Σ*

T* = T0

Z

Z0

Σ

( )Z Z0Simple open system →

*

Z : h,s,T,p,
Z : h ,s ,T T ,p ,0 0 0 0 0 0

 
  

ρ

= ρ

( )ZStationary State 0=

( )

( )

( )

t

s*

s

* *
t s

t x ex

*
ex s

U Q W h h m

QS s s m P
T

P

W h h T s s m T P

W e (Z,Z )m P

P T P

st
0

nd
0

0 0

0

1  Law : 0

2  Law: 0

0

0

= + + − =

= + − + =

≥

⎡ ⎤− = − − − −⎣ ⎦

− = +

= − ≤



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

05 2/12

Thermodynamics of Processes (1)

Discrete System, Exchange of Heat, Work, Mass
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Process Equations (Flux-Force-Relations)

(Eckart – Onsager – Meixner – Prigogine)
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Classification of Process Equations

( )
( )

( )

( )

( )

t N

i i
i

i

N

s i i
i

x F x,x dt t

F x,x i ...N

P x F x,x

nd

0

Fundamental Inequality 2  Law, (*)
Theorem JUK, 1968

0 ... all 0

0 0 , 1

0

≥ ≥

= = =

→ = ≥

∑∫

∑

( ) ( )

( ) ( )

( ) ( )

( )

N

i ik k
k

ik i k ki i k

N

i ik k
k

iklm k l m
klm

i

F x,x L x x

L L , ,

F x,x L x x

M x x x x

F x,x
                      (J. Meixner, H. König, 1964

TIP

Onsager-Casimir-Relations

NTIP

LPS

... Linear Passive Functional

  1

0 5

 

=

= ε ε ε ε = ±

= +

+ +

∑

∑

∑

)

NPS (?)LPSFunctional
(-∞<s≤t)

NTIPTIP
Function

(t)

Non-LinearityLinearity

F(%)

2/14



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

05

Dimensional Analysis
Phenomenological Coefficients and Functions:

Buckingham‘s Theorem (π – Theorem):
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Dimensional Analysis
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Example 1: Velocity of Molecules in an Ideal Gas

List of  “relevant” variables, parameters, constants:

w = w (T, p, Vm, M, R)
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Process Calculation (Initial value problem, ODE)
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Stationary Processes and States
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