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Local

0
5_['? +(pv, ), =0

Axiom 2: Principle of Balance of Momentum
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Global
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Stress Tensor
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Axiom 2: Principle of Balance of Momentum

e dv
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dv
Local p—t—pf +tsz
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Axiom 3: Principle of Balance of Angular
Momentum
Global

—J‘p(crk + &l Vy)dv = Ipskmjr f.dv

-

Timerateof changeof angularmomentum  Moment of body force

N ‘l‘gkmj t™ds +J' IEE?.‘E +Ip€kds

S

! S CoupleStress
Moment of surfaceforce Body couple
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Axiom 3: Principle of Balance Clarkson
of Angular Momentun

CONSERVATION LAWS e

Local

Epdk =ply &ty My,

When o, =/, =m,, =0 Skmjt . =0

itmj = tjm €mmm) Stress Tensor is Symmetric
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Axiom 4: Principle of Conservation of Energy
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Timerateof change yallthetorces
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Axiom 4}: Principle of Clarkson
Conservation of Energy ‘"""

Global

d 1
ajp(e+avkvkjdv = jpkakdv

+ Ivk -t"ds + qudsk + I prdv
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Axiom 42 Principle of
Conservatlon of Energy

Local

P =1y Vi T, TPT

g = heat flux
r = heat source
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Axiom 5: Entropy Inequality

Global d q.n or
9 oy [ s [Py >0
dt LT T
AN AN N
Time ratt;:)f change Heat transferdivided
of entropy by temperature

Local pn ( )k ——_
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Entropy P (6 —Trn—vin— 3y _PLsq
T( n—y) (T),k T

Clausius-{ 1 I 9, T,
—| = +nT)+t +——120
Duhem T{ PO ANT)+t, vy +—
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Constitutive Postulates

Assuming i Y = \|!(T, P, dkg ) T,k )
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CONSTITUTIVE £QUATION
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Entropy Equation

1 oA oy =— oy .  qT,
—| —p(—=+)T +(t,, +pd,,)d,, — = d,+——=120
;T[ p(aT T +(t, +pd,,)dy, paIk ,k padu vt o

Y, oy _ oy _,
AL oT, ad,,

T
(t +P8,)dy, + 520
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Linear Constitutive Equations

itkz =—po,, + Lkéijdij

aqk = ijT,j

ILkéijdijdkf 20

iijT,kT,j >0
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Linear Consiitiiva Equations Cleisen

Linear Constiiiive Equations Clarksen

Ly = A0y, 0y + (8,38 + 8430 ;) + 11, (8,40, — B

5,)

i Ly, =Ko,

t, =(p+Ad;)o, +2ud,,

Fourier Law
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Thermodynamical Constraint

Navier-Stoias Equation Cersen

dv
pd—tk =PtV ; +(A+)v;, +pfy
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Energy Equation Ckon

Energy Equation T tetin of Enfhalpy  Clarison

lp—=t:Vv+V.q+pr
| p dt q+tp

pd——V (kVT)+t,v,; +pr

ij i

it V=PV, + D

D =Av,  v;; +2ud;v

ij ]1
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=2 _p -2 i
p dt dt p° dt h=e+~

dh dp
+V-(«kVT)+® +pr
;p T (kVT) p

[ah =c,at
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Heat Transiar Equation Carksen

Boussinasy Approimation Cheksen

T
pcpd— d—+KV T+D+pr

dt dt

Dissipation 3(1) = M(Vi,j T Vj,i)Vj,i
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Thermal
Expansion p=p,(I-B(T-T,))

Body Force  |pf = —pogk[l —B(T- To)]
Boussinesq Equation

{ dv -
1Po at =—VP+uV*v—p,gB(T-T,)k

~
|P =P +pgz |
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Dimensionlass Equations Cerksen

Dimensionless Variables
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Dimensionlass Squations Cerksen

Mass Ao
PV (p'V)=0
Momentum
1 dt Re Re

Dimansionlass Groups Clarksn

Prandtl Number

U,L
|Re = Poo pr = Ko
u K
Grashof Number Eckert Number
‘ 273 2
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ME 639-Turbulence

G. Ahmadi

CONSERVATION LAWS e

Concluding Remarks
Conservation Laws
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Heat Transfer Equation
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