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To proceed we need a formalism that can
describe mass, momentum and energy transport
and can be adapted to all problems of interest.

This formalism is the set of partial differential
equations that | showed before.

We will start by explaining where these
come from.

Then, we will use them!

Mass conservation for a single component is the
simplest equation, so we do it first.
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Figure 2.3 Motion of fluid through a volume Ax Ay Az.
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Need a way to keep track of any flow situation

Thus we consider each face separately and allow
1 in_flow and 1 out_flow for each coordinate

direction.
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Now consider conservation of momentum.

The derivation and the resulting equation will be
more complicated than mass because "forces"
act on the fluid to change the momentum.

In addition, the forces and velocity are vectors.
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Newton's second law may be most tangible for
discrete solid objects (e.g. a billiard ball), but it
also works for "fluid particles”.

The conserved quality for our equation formalism
will be momentum per volume:
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To use one of my favorite expressions, the left
side: "is what it is!"

We now must turn our attention to the forces.



Forces:
= =
1) Body Forces. E.g., Gravity E.

2) Surface forces... Pressure and shear stress.

o0y FRCE

O m—
4

eq  AxAyde

SURFACE FORLES

PLBSC (R E 1€ 1ISOTROFIL
e S NgoM AL TU SURFACE

.....

30357_8_31_17 25/ 35 9/1/16



1t P;gg

Foz RN ARBTRARY Foeck

PR Eccvre + <Al
oML~ NeBaAN 14 L

=

|

30357_8_31_17 26 /35 9/1/16



PUT Foe EYAcTLT Y
TNE € ANME Foock

TWE 4AS ALL YBEN

T1h L) OJN
0= 7T-=F
— TP
TS \,/
\SCOUS Pagscoog

T EN
| ENSHL SN EeC e



SURYACE ToeCES
NORWMAL T) SVeF ACE
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Figure 3.5 Schematic of components of the viscous stress tensor.

A
)
-
L
<

Tz
Az AT W e \”yz T_> r

Tzz

TiHE S \leenig
LA LELCS COMPDVENT

30357_8_31_17 30/35 9/6/16



COMLET E Bxf A<
For CULFACE TOICES

= 5 D R £\ 28
Gv = .Iap_j:gpéV/\Kaigvx

SR
ML CUPACE QV\QC(/UQ
—00cEL S UL FACE
ToCEC

T)Lz-. .(h*% (CZZ’P
TAN6E L J o2l
COMDNE VS

30357_8_31_17 31/35 9/6/16



Foeck BAVANCE For
=

30357_8_31_17 32/35 9/6/16



SOLEACE VN X ~ ) IRECST O
(P - PJ Ay
Bl T 82 +

7

(T“"[w/ Cyf Jou
-t o
V

Eé) | ez

POTTING STt AL
70 5 el

r N



&U(@§¢gﬁaﬁv\ i

W -Fpes = T84 \
7

J'

CRICHEY ~ MoNEMTUM B




Conservation of Linear Momentum

Rectangular coordinates

X component
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