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Orientation of small particles in flow
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Jetfery’s equations
n=~r(t)-n—[klt): nnn+vV2a(t)- &)

&(t) 3D white noise
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effective aspect ratio
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There exists long bodies such that |7| > 1 (Bretherton, 1962)




Axisymmetric random flow
Batchelor (1946), Chandrasekhar (1950)

(Ojvi(x,t + 7)0qup(@,t)) = I'ijpeo(T) / /

T

Lijpg = (d +4a)d;q0ip — a(Opgdij + 0igOp;) + (b4 ¢ +5d)djqAirp — DOipAjAq
— d[(OpgAi + 0igAp)Aj + (OpjAi 4 0ijAp) Ag] — cAidpAj Aq,

IfA=2z=1(0,0,1):

20 = 11212 —TI'1111 d I'3333 — I'1111

b ['19212 — I'1313 20 + b+ c+4d I'3131 — I'3333.

4da + d > 0 b<4da+d 4da+b+c+6d >0




Orientational dynamics

n=k(t) n—[klt):nnn+vVDo-E) n(t)| =1

PDF of orientations: p(n;t)
Fokker-Planck eq. ;p = —8y,[8i(n)p] + 5 0n,0n, [ (n)p]

a;;(n) and B;(n) depend on v and on I';;,,, (and hence on a, b, c, d)

- n(t) In spherical coordinates: p(¥J, o; t)
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Fokker—Planck equation

Orp = —0y|By(V)p] + %8?}19 Aoy (9)p] + %Aww(ﬁ)as%sop

By (1Y) = cos v (Cy + C5 sin? ¥ + Cs sin® V)
Agy(9) = Cysind + Cs sin® 19 4+ Cg sin® ¥
Ay, (V) = Crsind + Cgesc v

The constants C; depend on v and on a, b, ¢, d

Boundary conditions:

p(0+m, pt) =p(0,o;t) p(d, e+ 2m;t) =pV, p;t)

Evolution of ¥(?) 9 = By(9) + / Ags (V) &(t)




Stationary PDF of orientations (rods: v = 1)

x(0)

Pst (‘9) X

[da + P — b+ d+ (2b+ 5d) sin? ¥ + csin® ¥]3/4

29\,/% arctan [2b—|—5d—|—208in2(19)} } (A > 0)
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V—A — 2b — 5d — 2¢sin?

2¢sin? (V)
(
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A=4(da+ P —b+d)c— (2b+ 5d)?

20 = (82?)1)2 — (61?]1)2

b — (82?}1)2 — (83”01)2

d — (631}3)2 — (81@1)2

20 + b+ c+ 4d = (01v3)? — (O3v3)?



Tumbling motion

d = (03v3)? — (Ohv1)? =0

pst(9) o [4a + P — b+ 2bsin® ¥ + csin® 9] 3/

If b/c > 0: two maxima in 0 and 7 and one minimum in 7 /2




Tumbling motion
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Rotation in the plane perpendicular to A
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d = (032}3)2 — (81?)1)2 =0

Pt (V) o [da + P — b+ 2bsin® ¥ + csin® 9] 73/

If b/c < —1: two minima in 0 and 7 and one maximum in 7 /2




Intermediate preferential orientation
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d = (83’03)2 — (81?}1)2 =0

pst (V) o [4a + P — b+ 2bsin® ¥ + ¢sin? 9] 73/

If —1 < b/c < 0: two additional extrema in cos 1, =




General axisymmetric flow

p'(19) = w(¥)[2b+ ¢+ 6d — ccos(21)] sin(219)

with w() > 0

Extrema:

Three or five extrema in (0, )




Bodies of revolution of a general shape
25,




