Fundamentals of Engineering Physics 2019

Week 14.



w2, \/i‘SCoShLy and '_lT-a.vxs)ocar’t & Momentom

Vg

2 - —— - .__l.._.‘ — e e e
C?s-nof‘e, ﬂ\’\;\,,.ﬂ) - P&
@ In Qrt%u br‘.uw\j the Llutd  below

He Plcus e exects

Mean stcess normal o e PICW\& !
—_ s

-;5 ﬂo—lhi‘f\\ﬁ l)U:‘— 'l"‘l'\.Q, Pre55\)r€, -

@ In “HWTS ST‘)’\JOd'Z'o(\ Yheceo S no

—

kel Component of stress
Cll 4o Ha @vae,)

Mem\ Lree Pec LT arec '

R

Mean \fe\o(‘j"l-\l o€ Flural '

@ NC’}OJ) mMear \ie.(OCH‘LI UX

r33 3
'S a "(‘\-N\CJ{'((J\ of '?; Uy = U‘,L(;;)
In This CQ.S@ +the P[(-L\C.\ beloc e LOF‘ES—’"“—Q-
nmaf)*na.r\, qum—: > i e

exterts o ‘hwgemc&
_‘—_.—-_-*—-_.__

'@Of‘(ﬁ- oNn Ay {e‘{&ud (J\b ove, -{—ﬂp_,!;\qv\&

o

Vice versey g

This w5 the tavgestal  (omponent CB-“>

W\
of the strese tensor

=




V=9,
A\\
sz = the mean %rca) W Y X directton Per unit  areea.

of the pl&ﬂﬁ. , whidh He dord helow Hie P[qng <&zb

‘ef}‘-@t"-'-s
on  the ‘@'[u“dl abouwe

Heo (olan a
k5

called +ho Pressore tensor

er  Slres e ,
5 teusor, Tt can be represemfecl

( d?uar@&m(,e_ o vecter — Sch[ar) ‘Oﬂ a 3t 3 marex in

diver gewce ef tensor -  vecter Cartestan  coocdtnat e

h)

fe

¥R The pressure

(5 o ol?aﬂa(\a.Q Cempaﬂmt— o@ +he W;sura Wsor'

e, F yin the pravicus page = P%%

C‘W\GCW\ ‘QDFCE RN normaﬁl drcection >

pec unit  area



V=lo,

@ We l\aua &alreacik( Seenn  Thads ?;b‘ =0 Ta e%utl?b"‘\‘“" Situalise
WPt UL (2) T dadepondet of 2 . Therlre, 1€ U (2)
varves Sm:ao'}‘mj in 2 asd %ux(%) 5 f"&"’d‘f\’"’ﬂlj 5""‘“’)
we caw qer e Bllowing expresson 57 Taylor expansion sk

U () ™ Z 3

—-05 B%Uxﬁ%J (1L

" CoeRuest of Viscost +7 k&

@
\Ue/ Can also conclude thet = C-pmm the Cartecon aad the Newton's 2nd \QLJ)
P-’t)ﬁ = the meaw werease pesc umt Hme  and Qer UOTE aréa, o(l the P\&\’\i
e /

o the x Cam()om&ud" ol mowmentum ol the f)aé ebovug H«fa,p\av\e,

LS
Mf)me,ﬁ""\) o
e —

Play " Aae to te  ner Fangpect el momentum \Jj N T .

e —

Cressmo +Hhs P\M\@ : C trasgport 15 '%- dicection )



Fig. 8.5 Momentum transport by molecules
crossing a plane.
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Fig. 8.6 A substance in thermal contact with
two bodies at respective absolute temperatures
Ty and Ts. If Ts > Ty, heat flows in the —z
direction from the region of higher to that of

lower temperature; thus Q. must be negative.
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Fig. 8.7 Energy transport by molecules cross-
ing a plane.
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Fig. 8.8 Diagram illustrating the conserva-
tion of the number of labeled molecules dur-
ing diffusion.

336 Elementary Kinetic Theory of Transport Processes

The diffusion equation

It is useful to point out that the quantity
n, satisfies, by virtue of the relation (41),
a simple differential equation. Consider
a one-dimensional problem where ny(z,t)
is the mean number of labeled molecules
per unit volume located at time ¢ near the
position z. Focus attention on a slab of
substance of thickness dz and of area A.
Since the total number of labeled mole-
cules is conserved, we can make the
statement that {the increase per unit
time in the number of labeled molecules
contained within the slab} must be equal
to {the number of labeled molecules en-
tering the slab per unit time through its
surface at z} minus {the number of
labeled molecules leaving the slab per
unit time through its surface at (z + dz)}.

In symbols,
%(nlA d2) = AJ(z) — AT,z + do).
Hence
—aa’:—‘dz = J/z) - [J,(z) +a;z dz]
N SN (42)
ot 0z

This equation expresses merely the con-
servation of the number of labeled mole-

cules. Using the relation (41), this
becomes
an1 aznl
=D : 43
ot 0z2 )

This is the desired partial differential
equation, the diffusion equation, satisfied
by ﬂ1(2-'.t).



Fig. 8.9 Transport of labeled molecules across
a plane.
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