3301 Real Fluids Notes

Based on the 2010 autumn lectures by Dr S
Timoshin

The Author has made every effort to copy down all the content on the board during lectures. The
Author accepts no responsibility what so ever for mistakes on the notes or changes to the syllabus

for the current year. The Author highly recommends that reader attends all lectures, making his/her
own notes and to use this document as a reference only.
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Exercise. Show that,

1 {0u; Ouy
Eu—ﬁ(gﬂ—%)- (1)

represents a rigid body rotation with angular velocity sw where w =curlu.
Let u = (uy, uz, ug) with the unit vectors e, e;, es.
o First, calculate the vorticity in the flow.

We use the alternating tensor,

0 unless %, 7 and k are all different
ez = 4 1if 4,3,k are in cyclic order (2)
—1 otherwise

Then
e e e3 -
8 8 0 Oy .
w=curlu=det | 77 7; 75 | = Cinkeip (3)
3

Uy Uy Us

Since w = w;e;, we have

auk ; . 8um
w; = €ij5=— oOr, changing notation, w; = &;pm =—-
ox 0z,

(4)

i)

o Calculate the velocity field in rigid body rotation with angular velocity
1

‘,Z’LrJ.

Let r = (ry,72,73) be the position vector, v = (vi, vg, v3) - the velocity

atr
1 (=2} (=D] e3 1
_ =d N | 1 _ '
vV = §w X r =det W1 W2 W3 = E,’jkeiiwﬂ"k. (5)
T 2 T3
therefore
- o Ol
v = §Efjktvjfk = §Eijk5jmeTka, (6)

with summation over 7, p, m. k.

The result (6) can be written as

v = b,’ka (7)



where

note that non-zero terms can

1 Mty :
bix = SEiskEpm 5 — = only have p =i and m = k or
dx :
e e p=kand m =1
sum over j,p,m
1 duy P 1 ou;
= S€ikEak . T SCikSikig
G e T G By

no sum over i,k

Since ;585 = —1 and 5465 = 1. we now have

b 1 [/ Ou; 3 Oy
KT\ on, Ox

We conclude that £;; = b;;.

(9)
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