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LINEAR KARREN FORMS
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MODEL SKETCH

GOVERNING EQUATIONS

V-u=0,
Re(u-Vu+ Vp) = Vu+ f,
Peu-Ve= Vi,

NAVIER-STOKES +
ADVECTION —DIFFUSION

We model a water laminar flow on a soluble rock that is dissolving. c(x,y,z) is

the concentration of solute within the water film. We then study the stability

of the flat solution to a transverse perturbation (karren formation).
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FLAT ROCK-BASE STATE

uo = (2 - ¢)¢. Pe ug Ozco = cq,
SEMI-PARABOLIC VELOCITY ADVECTION ~DIFFUSION
cola=0 = 0, col¢=0 = 1, cole=1 =0.
INITIALLY PURE WATER  DIFFUSION BOUNDARY NO FLUX OF SOLUTE
LAYER AT THE ROCK TO THE AIR
INTERFACE
oo
co=1-— Z Am exp (—a2,X)Gm (),
m=0

SOLUTION BY POLYANIN ET AL (2001)

In flat conditions, the water has a semi-parabolic velocity profile u, (T is the

rectangularized vertical coordinate). The solute concentration c, (x, {) has a

complex solution (Polyanin et al, 2001) that takes into account that the water is

nearly saturated very close to the rock surface (Diffusion Boundary Layer).
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LINEAR STABILITY ANALYSIS

(h,n) = (1,0) + (hy, nl)e"“’t“kz
(’U,,p, C) = (’U'O,PO, CO) + E(UI:PI, Cl)e

wt+ikz

TRANSVERSE PERTURBATION

We perform a linear
stability analysis of the
flat solution by

introducing a small

transverse

perturbation.
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KARREN INSTABILITY
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5, GROWTH RATE The flat solution is unstable to a band of
wavenumbers (left figure). The instability arise

as in correspondence of the rock through ->

the velocity is higher -> the solute

T

concentration within the film is lower->the

dissolution is higher (lower figure).
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DIMENSIONAL RESULTS
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Dimensional wavelength (a) and timescale (b) of karren instability as a
function of Re and the longitudinal coordinate X. The results show that the

flow intensity (Re) could be the discriminating factor in the different sizes of

similar karren observed in nature (microrills, rillenkarren, wandkarren...).
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CONCLUSIONS
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