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A study directly from the fundamental Smoluchowski equation

_ Bohan Wang!, Weiquan Jiang#* and Guogian Chen!3 D

ILaboratory of Systems Ecology and Sustainability Science, College of Engineering, Peking University,
Beijing 100871, PR China
2State Key Laboratory of Hydroscience and Engineering, Department of Hydraulic Engineering, Tsinghua

University, Beijing 100084, PR China
Macau Environmental Research Institute, Macau University of Science and Technology, Macao 999078, PR

China
Objectives * Deriving the eigenfunction and dual
Thin phytoplankton layers with vertically compressed basis-functions by a Galerkin method
structures found in stratified lakes and coastal water * Biorthogonal expansion of moments

bodies have been a hot-spot in marine science and fluid
mechanics. Although extensive efforts have been made to

. . . . Results
explore gyrotactic trapping as a possible mechanism, (@) 19 (B)1
: : : : : o N iR N
obvious inconsistencies remain there between the 08| \j;’: ol X\
. . . L , W =] 08y 2>
generalized Taylor dispersion method and individual- 04 T | o4 §
. . 0.2 S 1 02}
based model. In this work, a study directly from the ol A N
. . . . 0.90 0.95 1.00 1.05 1.10 0 02 04 06 08 1.0 1.2
fundamental Smoluchowski equation is carried out on the (Po)o (Po)o
gyrotactic trapping mechanism in representative simple =05 === =l =3
e =10 —— =20 —-- =00

shear flows. _ . e . .
Figure 3. Transient vertical distribution of a vertically uniform

line-source release of (a) nonsettling (b) settling gyrotactic
Methods micro-swimmers in the plane Poiseuille flow.
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Figure 1. Sketch of the problem. -
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) Figure 4. Transient two-dimensional concentration distributions
opP — —[Pegsin ¢ cosf + per(Z)]a_P 4 Dta ];) +L,P of a vertically uniform line-source release of non-settling
ot Ox Ox gyrotactic micro-swimmers in a strong plane Poiseuille flow.
o Ref/ective boundary conditions Left: Edgeworth expansion; right: individual-based model (IBM).
Top: t = 5; bottom: t = 10.
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 Transformation of the p.d.f. TR DU DU ol b
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fr(2) = exp (—7Z> Figure 5. Comparison of vertical distributions of a vertically
! uniform line-source release of non-settling gyrotactic micro-
e C(Classical B.C. for the transformed p.d.f. swimmers between the current model (BE), Bearon et al. (2011)
. and IBM.
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Basis functions Nuf 2oL cos(nmz)Py(cos ), We have given a more complete picture of
Nn\/ﬂ;lg;g;; cos(nmz) cos(mO)P} (cos 6), | gyrotactic trapping. Our results are in good
N#zl;lg;m;Sm(nm)sm(mw(cm), agreement with the IBM simulations due

’ to no approximation made to the
Reflective BC: Specular reflection . .
Yy fundamental Smoluchowski equation. We
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LT . {’O/U%fi % TJ found that a steady thin layer can be
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PeaFls PeyPlaz s, focusing at the upper surface.

Figure 2 lllustration of the reflective boundary conditions.



