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Classical Theory (3): Thermostatics of

Continuous Systems with External Forces

Xy

>. Equilibrium State?
Isolation, Inhomogeneity

External Forces F, = -0,¢,(X)

Components: 1=1...N
s=[s,(x)dV — Max.
U+W,
i=1
m, = [ p;(x)dV =const, , i=1..N

J Vv

Equilibrium Conditions:
T(x) = const

0,p(x) = ipi ()R,

H (5)+(Pi (5) =const; , I=1...N

Boundary Conditions

Generalizations: E-M-Fields
Chem. Reactions

- N
.V{Uv(ﬁ)J’Zpi (X)o; (l)}dv = const Ref.: J.U. Keller, TIP, Part 1

Thermostatics, W. de Gruyter,
Berlin - New York, 1977.
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_ Thermodynamics of Processes (2)

Continuous System
Fluid, N >1 Components
External Forces

Extensive Quantity (Z)
z(t)= z,(x,t)dV(x)

JV

= [ z,,(x,t)dm(x)

‘m

Zm (Z! t) — p(x’ t)zv (X’ t)
Balance Equation

Z=0+P

Local Formulation (Lab)
atZV + aOL(I)Zoc — cjz

Material Formulation

pdtzm +aa ((I)Za _pvazm):Gz
d, Ei:ﬁt"'vaaa , 0, :2, 8a:i
dt ot OX
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Balance Equations of Mass Densities

p;(x,t),i=1...N Partial density of Z: z,=p; ,Z,=W,
component (i) o, =pV., o, =T,

p(x,t)=> pi(x,t) Total mass density

w, =p;/p Mass concentration (i) Local balance
v, (x,t) Partial velocity 0pi + 0, (PVia) =T
Vo= wy, Velocity of mass

| element Am(x,t) Material balance
[.,1=1.N Chemical production rate (i) P%Wi +0,J. =T,
ZN:Fi =0 Mass conservation
Jo. =pi(v,—V,) Diffusion flow (i)
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— Balance Equation of Linear Momentum

P, (x,t) Stress Tensor Material balance

B-component of stress PiVa +5Bp Zpl .
at a-surface element dt

aleB
F(x,t) External force acting on
component (i) Local balance
Z:ZV:pVa’Zm:VOL at(pva)_l_a( +pVV) Zp' o,
Newton's equation of motion of mass (m) o = 12,3
N
ij pv,dV=—¢ P,dO,+[ > pF.dV \ |
dt /v o(t) vin 3 Internal stress Convective flow

of momentum
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— Balance Equation of Angular Momentum (AM)

Z, =¢&4 XV, +0, Specific angular Balance for IAM
o —L23 momentum (o) at (x,1) (*):x—>x+a, a=0
€ = (1,-1,0) Antisymmetric unit-tensor d o 403
G, Internal angular momentum (IAM) pdt
(Spin of atoms, molecules etc.) 1
¥ T =T, (F)+Z & Py, —Pg)
" ensor of IAM-flux 2 ebr\Thro
r Production density of IAM c=const: P, =P,

due to external forces
Balance for external AM:

Momentum balance (o0 — y)/g,, X, IAM d
d P Eup, XpV + 0 5€ap XBP6
pdt( oprpVy T O )+8 ( apy X p y8+za8) dt ™" "7 v By

1 :80c X piFi
=g, BZpF +I, (F)+ Eeaﬁy(Pﬁy—PyB)(*) pr BZ y

iy
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Balance Equation of Energy

e

1

:Ev +u Total energy per

unit of mass

Internal energy per
unit of mass

¢, =€pV, +Pv, +J,, Energy Flux

J

N
Ge = Zp' Fiocvioc

Heat flux

uo

Energy supply by
mechanical work
of external forces

Material balance(s)

d N

pae+aa (PocBVB + 'Juoc) = Z iViocFia
d N
pau + a[3'Juoc + PaBgﬁva = ZpiviaFioc

Local balance(s)

08 +0, (PyV

Vs Tl TEPV, )=

N N
= ZpiFiocvoc + Z FiOL‘]iOL

0, (pu)+0, (Jy +puUv, )+ P60V, =

N
= ZFioc‘]ioc
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Material balance

d
Entropy Balance PESH% (<|>S—PSVQ)=GS

Am: Simple thermodynamic system Entropy flow:
Exchange of mass, work, heat . \
Principle of local equilibrium g, = ?[Jw _Zui“]ia] +pSV,,

Gibbs Fundamental Equation

N Entropy production:
ds—%du +$d[1] - taw, ‘o1
Y i _ Bl _
. GS_J““aO‘\Tj-i_T(pS“B POLB)8BVOL+
+_-I-(EocdD\x +H dBa)
P
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Process Equations (Flux-Force-Relations)

(Eckart-Onsager-Meixner-Prigogine)

Entropy Production (*)
c=> XY, 20

TX, =X, ... Forces
TY, ==Y, ... Fluxes

Yi — Z Likxk
K
Ly =Ly
Onsager (Casimier)-Symmetry
IL, 20 ... 2" Law

Linear Independency of Fluxes (Y, ):
1 1
c=J,0, - 7 ?(pSQB ~Pos)0pV, +
Heat Transfer Internal Friction
+ZJ,O[ F —Fu, )-8, _“N}
T

Diffusion

r A N
+Zrk (_?k) A :ZYmHl

k=1 |

Chemical Reactions
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E—xample: Diffusion and Heat Transfer in 2 Component Fluid System
(No internal friction or chemical reactions)

Thermostatic EOS
T:T(u,pl,pz)
p=p(U,p.,p,)

M :Hi(u’pypz) , 1=1,2

Balance Equations

+ po,v,=0

Process Equations

2
), = Lik(Fk“ 0, ) Lo, =
kT T
i=1
2
Joo = Lyl e —p, “k) Lo, =
k=1 T

UQ:U1 pl’ p2’ p,Va, Jloc’ ‘]ua

Top, 1y, P
Boundary- and Intial-Conditions.



