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Conservation Laws

However, if the temperature differences are small within the fluid, then z can be taken
outside the derivative in equation (4.44), which then reduces to

Dy ap 38;; 2,(1. ]
et S Y il el e -
R TR et PR S AL
_ op 2 134
= " +p8:+f-c[Vuf+381(V )]
where
Vig, = d%u, _ Bzug + 9,
"7 axx;  oxt | ox2 | axd

is the Laplacian of &, For incompressible fluids V -u = 0, and using vector notation,
the Navier—Stokes equation reduces to

D
P = —Vp+pg+u Vi | (incompressible) (4.45)

Dt

If viscous effects are negligible, which is generally found to be true far from bound-
aries of the flow field, we obtain the Euler equation

Du

Pps = -Vp+p8 -(4.46)
Comments on the Viscons Term
For an incompressible fluid, equation (4.41) shows that the viscous stress at a point
is :

dw;  Ou j)
oy = -_4 1, 4,47
iy =K ( 5%, T am (4.47)

which shows that o depends only on the deformation rate of a fluid element at a point,
and not on the rotation rate (du; /9x; — du; /3x;). We have built this property into the
Newtonian constitutive equation, based on the fact that in a solid-body rotation (that
is a flow in which the tangential velocity is proportional to the radius) the particles do
not deform or “slide” past each other, and therefore they do not cause viscous stress.
However, consider the net viscous force per unit volume at a point, given by

ad'u 8 3!&1 éu, azu;
F = —= — — —— = e ] » .4

f 8:;, ”'ij (32:',' i 8:; p'axj axj u(v . U)g (4 8)
where we have nsed the relation

Oy d du,
(v X w)i = Euka_xj = sukax_j (shnns}:)

9%u, 9%u g %u,
axj 3x,. ax_, ax; axj 8xj

= (SimSin — dindym)

82u1
axj ij )




