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Today, we will: Yeporbe mehin o Aﬂwiy N physig
Begin Chapter 4 — FLUID KINEMATICS 7 o —
Discuss the material acceleration and the material derivative, and show examples
Discuss various kinds of flow patterns and flow visualization techniques
Begin to discuss other kinematic properties (motion and deformation of fluid particles)

I11. FLUID KINEMATICS
A. Descriptions of Fluid Flow — there are two ways to describe fluid flow:
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2. Eulerian description = ¢ fomd - desyiptin
Ve dend 4 Megren on P v bocah ¥ connl volume
5 W he ) “Mave fygh Thd  Popin

-7 > w

é _/\ We we ‘Eclé Vi ibly
- \
= P T B e
pot A, — T

2 T /‘/
e

“ V-V (xy, %) P= P )

P(\\.\t»w\’9 Pl'\‘j),],} b“‘ At \fy\awp V(or PM)(,ch (bﬁ‘.’“'\"\dh}, L\)Q ned N
O '\\I\Cr& Tﬁ’\S"" L’&jf[n O\n to Eb\,ﬂ') JPN .




3. Acceleration field and material derivative N
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Derivation of Material Acceleration (Section 4-1) erl
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Acceleration of a fluid particle: particle = ” (4-6)

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

However, at any instant in time 7, the velocity of the particle is the same
as the local value of the velocity field at the location (X, ce(1). ¥ panicte( 0

Pmlch(r)) of the particle, since the fluid particle moves with the fluid by def-
inition. ll’l other ‘:NOI’FiS p‘]rllC'E(I) - 1/r(\1C|Jaut|a,Ic3(r) "’pcutlclrs(irJ paltla,lc(r) IJ To
take the time derivative in Eq _)4—6, we must therefore use the chain rule,
since the dependent variable (V) 1s a function of four independent variables
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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, Xyarticie 1S @
function of time, since the particle’s location changes with time. Thus, Xyarticie =

Xpartlcle(t) Slm”a”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, VW
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