~page 1 Review — Constitutive Models for Fluids

Properties of fluids
» No natural reference configuration

«  Support no shear stress when at rest | :
e Deform ed

Configuration

Goal: show that constitutive models for fluids must have the following structure
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In addition, the constitutive relations must satisfy

. 20w . cw
Bpy =P — §=——
a=F o ol
E‘%eq ) O - @fﬁq 2 OF = o¢ = i
20 Py TtV PG, where &(@.0)=— (Specific heat capacity)
- -\2"‘
= ) ¢ T
C'L' =-5‘e l',ia" ﬂ:—i"’ q
_pagel1 ol op  p° 88°



T page 2T

Review

Properties of fluids

- No natural reference configuration: Hence constitutive functions can only
depend on deformation measures that are independent of reference
configuration
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Consequences of material frame indifference (objectivity)

Consider w=y(p.6.L)

Observers in all frames in relative rotation must see the same Helmholtz
free energy. This means that
v =y(p.6.D)

and must satisfy  ¥/(2.6.D)=1(p.6.QDQ") for all proper orthogonal ~ Q

Same argument applies to all constitutive functigns (can only depend on D), eg

. ifp 9 )
O-{f :gg(ﬁjpjﬂg) 9’5_9{ :P:g: i |

i A

_page 2




_pages JQMMM {(’;Q)I ? ‘?m(ﬁ 8.D)

Ay

whece 5" e, 8,D=0\ =0

,%//3201' ff" om__Fegdirement  That @ rest  Shear stres Is 31

_ Secod Low of Theomdlynamecs

oD =18 G0 -0 (W .\ %0

e \7e. It )
fole 0 ) b a9 0 U T
ote - 4 J 2
%t - 99 2D
E"D ~ 'ﬁe‘f’r te(d) ¢ Y (<)

_page 3




_pages Nse ( D ~()

\

/ aQ -'/fet;, Er) + 3‘“"':9 -
)P , .

Now suppose D=0 =0 ,8:0 D #O

ffence QJ_E’ =0 4(//4 Cannl olepend pn D
),

NeAd (et é-‘-OF%QID J= =< B < >0

8 an aréz'?z/éﬁ )&r_‘ﬂfd.

A [ . R Au;l \ y o~
QW —/)eg, ;#tr(B) +d"'(fi9}o<£)$?é_b e,

New Jel < =0




~page b

R ¢ -
Hence OL%M 3
\ _P [ 4
- ‘ : . , A 1
Nest B 20 evbryBomg elte O = |S + I =
I \J N/ )9_
e A \.“j \ ] A oS
Finally a D >2o[F-9 "Wl >0
</ [

Zema}n iny fa?m/r"f?;?f ﬁ/%iu /7%% 7%'6!6 N ff

_— S\ A\ a7
“&1’: & d.w S * _N

2P JO
o A A
=> d/ = zm e ""pid_s—-
:}T:? ! Jp 40 Y

_page b




~page b

‘} : L A - ,Lp;'“_r ﬂ:’: T _ Lﬁ“
Sim:Inrly ITeg, = ¢ 3(62 =P d(cz; Os) f;):‘ &\93;
= = plE ¥
T €722 40 Uy

_ . A
Now Consider  Steess response f’ﬂmﬁm 6 (g0,
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