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Axiom 1: Principle of Conservation of Mass

d
Mass is invariant under the motion aj.pdv =0

0
Global a_[pdv+_!.pv-d8=0

op
Local —+(pV =0
P (pv, ),k

Axiom 2: Principle of Balance of Momentum

(n)
% (Momentum) = Z Forces __ -~ n./ ——
Global

%I pv,dv = Ipfkdv + Itf(“)ds F

Stress Tensor Divergence Theorem

t™ =n-t Itfknids = Jt[k,ldvl
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Axiom 2: Principle of Balance of Momentum

c  d
] (P%_pfk_tek,f)d":o
dv
Local pd—tk = pfk +tzk,£
dv
—=pf+V-t
p dt p G. Ahmadi

Axiom 3: Principle of Balance of Angular
Momentum
Global

d
ajp(ck + &l VAV = J.pskmjrmfjdv

N J

Vv -V
Timerateof changeof angularmomentum  Momentof body force

+ Iamjrmtgn)ds +I n;f:‘r)d_? +Jp£kds
S

$ CoupleStress 8

%/—J
Momentof surfaceforce Body couple
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Axiom 3: Principle of Balance Clarkson
OfA[mg@]ﬂ@[F M@m@mtwm University
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University

CONSERVATION LAW

Local

tmj = tjm €@mm) stress Tensor is Symmetric
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Axiom 4: Principle of Conservation of Energy

Q)V
PV, | VorPer

P,e,, \\ P,.e,
d \\%
S(K+E)= W + Q
dt — -
l\)V()rlll( %or;e Heat transferred
Timerateof change yallthetorces
kine‘gic andinternal
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Axiom 4: Principle of
Conservaition of Energy

Clarkson

U

ni
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Global

2

%jp(e + 1 ViV, jdv = jpkakdv

+ Ivk -t"ds + qudsk + Iprdv

ME 527

G. Ahmadi

Axiom 4: Principle of
Conservaftion of Energy

Clarkson

Universit

Local

PC =1,V ity TP1

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

Global

. AN

%Jpndv —!%ds—!%dvzo

J/

' VT
Timerate of change Heat transfer divided
of entropy by temperature

Local pn ( )k ——_
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Summary of Gonservalion Laws - Logal -Glarkson
Mass %+V-(pv):0
Momentum pd—v=pf+V.t t=t"

Energy p%:t:Vv+V-q+pr

dn q, pr
Entropy — -V (3)-—2=0
P VP TT
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CONSTITUTIVE EQUATIONS  Gletsen CONSTITUTIVE ECUATIONS Slerksen

Continuum Thermodynamics Constitutive Postulates
Helmholtz Free Energy | = € — TT] Assuming |\ = \V(T’ P> dkea T,k)
\if—@T+a—wp+ﬂdu+ﬂT;

. ) “OT  op ad or, *
Entropy B e—Tn-— _ qk _ pr > () ke X
T( n-vy) (T),k o o
Pressure |P= _8p‘1 =p _8p

Clausius- | 1 : : q,. T,
Duhem ;{—p(wnT)szw,w T 20 - oy

CONSTITUTIVE EQUATIONS Startsen CONSTITUTIVE EQUATIONS - Staetsen
Entropy Equation Linear Constitutive Equations
;[—mg‘}’+n)T+(tk[+p6k/,>dk[—p§T"”kﬁ—p;"k"dwqf’k}zo t., =—pO,, + Lkeijdij

_ Oy oy _ oy _ 0
=57 oT, ad,, q, = ijT,j
q,. Ty
(ty + PO )dy, + T 20 Lygdydy, 20 LyT,T;=0




Linear Constituive Equations Clarksen

Isotropic Materials
Lkéij = 7”61(1585 + M(Skiséj + Skjaﬁ) + H1(8ki6éj - 8kj8ﬁ)

L,, =xd,,

Newtonian Fluids

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

Fourier Law ‘qk = KT,k \
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Thermodynamical Constraints

3h+21> 0

n=>0

K=—%u

3

g

ty, =—PO, + 2MdEf

ME 527

dv
pd—tk ="Px THUV ;T (A + H)Vj,jk + pf,

V.-v=0

p— =-Vp+uVv?’v+pf
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Energy Equation S
p%zt:VV+V-q+pr q, =xT,
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de
pa =V («kVT)+t,v,;; +pr
tiVii =—DPVix + ()

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

ij'j,i
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Enerqy Equation In tem of Enthalpy - Glarksen
d d d
p
pi—?z%+V-(KVT)+CD+pr
dh =c,dT de=c dT
Clarkson

Boussinesa Approximation
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Heat Transier Equation Geekson
dT dp )
pcpa—aﬂcv T+dD+pr

Incompressible Flow

pc, — =kV’T+® +pr

dT

dt

Dissipation

ME 527

D= H(Vi,j + Vj,i)Vj,i
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Thermal
Expansion

p=p,(1-P(T-T))

Body Force

pf = —pogk[l —B(T- To)]

Boussinesq Equation

dv

Po E =-VP+ HVZV —pogB(T - Tk

ME 527

G. Ahmadi

8/23/2018



Dimensionless Equations Glerkson
Mass S
Momentum ot
dt Re Re
Energy - -
p* dT _ EC dP* 4 1 V*ZT* +Eq)*
dt dt RePr Re
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Dimensionless Equations Cerkson
Dimensionless Variables
=X V=~ t*:tUOO pr=F
1 L Uoo L pO
PoUi AT, g
Dimensionless Groups Crksen
Reynolds Number Prandtl Number
U_L
RC = pO = PI’ = HCP
H K
Grashof Number Eckert Number
213 2
L’AT,
Gr:ngO2 0 Ec = Y.
H c, AT,
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Concluding Remarks
Conservation Laws
Constitutive Equations
Navier-Stokes Equation
Heat Transfer Equation
Dimensionless Groups

ME 527

G. Ahmadi

8/23/2018



8/23/2018

UUUUUUUUUU

G. Ahmadi




