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This is a Lagrangian description of the acceleration of a fluid particle.

Acceleration of a fluid particle: (4-6)

However, at any instant in time f, the velocity of the particle 1s the same
as the local value of the velocity field at the location (X, iqe(1). Vpanicre(D):

Zparticlel 1)) ol the particle, since the fluid particle moves with the fluid by def-
inition. Il’l other ':NOI“dS p'irllclc(f) = V(rpmn;lc(r) "pdlllde(r) paltldc(r) f) To
take the time derivative in Eq. 4-6, we must therefore use the chain rule,
since the dependent variable (V) is a function of four independent variables
(xparticlc’ .""pnrliclc'-' ‘Zparticlc’ and T),
Recall the chain rule: If f is a function of two variables, t and some variable s which is itself
also a function of t, then we take the total derivative of f with respect to t as follows:
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Now let’s apply this chain rule to the time derivative of the fluid particle’s velocity:

Note that from the Lagrangian description (following a fluid particle, Xpartice IS @
function of time, since the particle’s location changes with time. Thus, Xparticie =

Xpartlcle(t) Slml|af|y ypartlcle ypartlcle(t) and Zpartlcle - Zpartlcle(t)

Thus, the acceleration of a fluid particle is calculated using the chain rule as follows:
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Or, finally,

dv  aV aV oV oV
(v, )=—=—+F1u +rv—+w-=
dr ot ax dy az

(4-8)
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