Available online at www.sciencedirect.com

SCIENCE DIRECT® JOURNAL OF
Colloid and
Interface Science

o

ELSEVIER Journal of Colloid and Interface Science 289 (2005) 600-603

www.elsevier.com/locate/jcis

Letter to the Editor

Dispersion of components in transport processes:
Velocity dispersion model

S. Pivovarov

Ingtitute of Experimental Mineralogy, Russian Academy of Sciences, 142432 Chernogolovka, Moscow District, Russia
Received 15 February 2005; accepted 20 April 2005
Available online 28 June 2005

Abstract

This paper presents a new model of dispersion of components in transport processes. It is suggested that the flow velocity may be specifie
by a Gauss function with relative dispersion of flow velogity= o, /v; the overall dispersion of inert component (in porous as well as in
homogeneous medium) may be calculated from the equatier2Dt /72 + (Bvt)2)%-°, whereD is the diffusion coefficient; is time,  is
tortuosity, and is flow velocity. The most common range of variability of relative dispersion of flow velocity in natural soils is 8-32%. The
model is well applicable to column and field experiments.
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1. Introduction sion model[1-4]:

It is known that diffusion, as affected by movement of Deff=D +éxv. (2)
a solution, may be characterized by a “conditional” or “ef- Herex is distance, and is an empirical parameter known
fective” diffusion coefficient (more commonly “coefficient  as “dispersivity-to-distance ratio.” The physical sense of this
of hydrodynamic dispersion” or simply “dispersion coeffi- parameter is more enigmatic than that of “dispersivity.” So,
cient”). The effective diffusion coefficient increases linearly let us try to construct a more clear theory.
with flow velocity:

Dett = D + av. 1) 2. Model description

Here D is the diffusion coefficienty is flow velocity, andx The classic theory of diffusion is based on statistical laws.
is an empirical parameter known as dispersivity. There are If we have numerous results of measurements of some con-
some ideas that dispersivity is related in some manner to thestantX, the density of probability of some result of measure-
heterogeneity of the medium (e.g., grain or pore size, size Mentx is defined by a Gauss functiohig. 1),

of the flow cells), but a quantitative theory of dispersivity is _ 0.5 2

absent. This is a basis of the model of hydrodynamic disper- P = [(_1/2”) o] exp(=0.5((x = X) /o)), ) (3.’)

sion. The numerical values of dispersivity correlate with the Hereo is the parameter known as standard deviation or
scale of an experiment. They range from 0.1-10 mm for col- diSpersion. The integral of the Gauss function from minus
umn experiments up to 1-100 m for field experiments. This infinity to plus infinity is the unit. The integral frolX — x

fact lies at the basis of the so-called scale-dependent disperi® X + x 15 0.683; i.e., the value is located in the range
X + o, with probability 68.3%.

If we try to estimate the sum or difference of two con-
E-mail address: serg@iem.ac.ru stantsX + o, andY =+ oy, the overall standard deviation
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Fig. 1. The Gauss function.

(dispersion) forZ = X + Y is
05

) (4)
This is a common law of addition for standard deviations
(dispersions).

The location of molecules changes accidentally due to
heat fluctuation. Because of this, the laws of diffusion and
statistics coincide. The mobility of a molecule in a medium
is characterized by the diffusion coefficiebt which is de-
fined by Fick’s law:

o, = (oxz + oyz

J = DgradC. (5)

Here J is the flux of a component through the elementary
surface, and grad is the gradient of concentration of the
component. The diffusion coefficients of ions and molecules
in water are on the order of 18 cm?/s. Knowing the dif-
fusion coefficientD, the dispersion may be calculated from
Einstein’s law:

oy = (2D1)°°. (6)

The molecule, located at point= 0 at timer = 0, should be
observed within the range of-b o, with probability 68.3%
attimer > 0.

If we consider some unit quantity of molecules (e.g.,

1 mol), the concentration of these molecules as a function

of x andr coincides with the Gauss function. For the one-

dimensional case, the diffusion from some layer should be

considered (axis is perpendicular to the plane of the layer).
Using the value of dispersiosm, from Eq.(6), the concen-
tration profile may be calculated from the equation

C(x,1)/(CoAx) = C(x,1)S/Mo
= [(2/27)%% /o, ] exp(—0.5(x /0:)?). (7)

Here Cy is the initial concentrationAx is the thickness of
the layer,S is surface area of the layer (e.g? for a tube
of radiusr), and My is the total amount of the component.
Equations(6) and (7)describe the diffusion of a com-
ponent from an infinitely thin layer (with infinitely high
initial concentration). In reality, at time = 0 the compo-
nent is distributed in space in some manner; &g= Co
atx =0+ 0.5Ax, andC =0 at|x| > 0.5Ax, whereAx is
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the width of the layer. This initial distribution of the compo-
nent may be approximated by a Gaussian distribution with
o0 = (1/2m)%°Ax. Thus, the overall dispersion should be
calculated from the equation

oy = (Ax?/27 + 2D1)%5. (8)

Equation (8) is more convenient than EdS6), since
Eqg. (6) givesC(x = 0) > Co at o, < Ax. Both Egs.(6)
and (8)are erroneous within some range of time, since the
initial conditions are approximated. In E@), the layerAx
with initial concentratiorCq is approximated by an infinitely
thin layer with infinite concentration, whereas in E8), this
layer is approximated by a Gaussian function with maximum
C = Cp. However, the approximation of initial conditions
given by Eq.(8) is closer, and if at some timedispersion
o, becomes larger than the initial thickness of the lajer
the error becomes negligible.

Staying at the bridge, one may see that the water flow is
not uniform, but is disturbed by numerous eddies. So the ve-
locity of any water molecule may be characterizedbyo,,
whereo, is velocity dispersion. One may assume that the
velocity dispersion is proportional to velocity, and the ve-
locity of a molecule may be defined ast v, whereg is
the relative velocity dispersion. If the medium moves with a
velocity v, the middle of the layenx passes a distanag
during timet, and the most probable position of any mole-
cule of this layer iz, but the initial uncertainty of molecule
location is£(1/27)%5Ax, the displacement due to diffusion
is £(2D1)%°, the displacement due to velocity fluctuation is
+pBvt, and the overall dispersion is

)0.5'

ox = (Ax?/2m + 2Dt + (Bvr)? (9)

Applying Ax = 0, one may calculate the “effective diffusion
coefficient” (dispersion coefficient):

Dett = D + (Bv)%t/2. (10)

At x = vz, “dispersivity” « is f%x /2, whereas “dispersivity-
to-distance ratio% is 82/2 (see Eqs(1), (2).

All the above considerations are valid for a homogeneous
medium. In a porous medium, some part of space is filled
by solid, and this should be taken into account. The frac-
tion of space which may be filled by solution (or gas) is
called the porosityd. For instance, the porosity of sand is
close to 40%. It should be noted that if a solution moves in
a tube with velocity 1 mih, it moves through the part of this
tube filled by sand with a velocity/® = 2.5 m/h. Similarly,

1 m? of porous solution occupies 2.5%mf aquifer. And if

a solution moves through a sandwich of layers of different
porosity, the velocity of the porous solution is different in
each layer (as in a tube constructed from parts of different
diameter).

Another important parameter of a porous medium is tor-
tuosity,z. The porous solution passes through the column by
a tortuous way, and covers a distance larger than the column
length, and their ratio is the tortuosity. Within the range of



Download English Version:

hitps://daneshyari.com/en/article/10377841

Download Persian Version:

https://daneshyari.com/article/10377841

Daneshyari.com


https://daneshyari.com/en/article/10377841
https://daneshyari.com/article/10377841
https://daneshyari.com

