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Abstract: We consider a model for vertical lifting of an aque-
ous solution of salts in a xylem. We analyzed changes of move-
ment of the considered solution depending on various parame-
ters. We consider an analytical approach for analysis of the con-
sidered model. The approach gives a possibility to take into ac-
count changes of parameters in space and time, as well as the
nonlinearity of the considered processes.
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I. INTRODUCTION

Water is involved in ensuring the life of plants. It par-

ticipates in formation of internal structure and appearance of
the plant [1-5][10]. One of the purposes of xylem is
transport nutrients from the soil through the roots to other
plant organs. The main aim of the present paper is to formu-
late a model for the rise of an aqueous solution of salts (as
nutrients for the plant) in the xylem and to analyze changes
in the movement of the solution depends on several parame-
ters. The approach gives a possibility to take into account
changes of these parameters in space and time, as well as the
nonlinearity of the considered processes.

Il. METHOD OF SOLUTION

To solve the considered aims we determine the spatio-
temporal distribution of concentration solution of salts in a
xylem. We consider the above distribution of the concentra-
tion of salts as a solution of the second Fick's law in the fol-
lowing form [6]
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where C (z,t) is the concentration of the considered salts;
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V' s the velocity of movement of the considered solution
of salts with the single nonzero projection in z- direction; z
is the axial coordinate; t is the current time; D is the diffu-
sion coefficient of the salts in the considered solution; K is
the parameter, characterizing the absorption of salts from
solution by the considered plant.

Manuscript received on 05 July 2024 | Revised Manuscript
received on 05 September 2024 | Manuscript Accepted on 15
October 2024 | Manuscript published on 30 October 2024.
*Correspondence Author(s)

Evgeny Leonidovich Pankratov*, Nizhny Novgorod State University,
23  Ga-garinavenue, Nizhny  Novgorod, Russia. Email ID:
elp2004@mail.ru, ORCID ID: 0000-0001-6174-2612

© The Authors. Published by Lattice Science Publication (LSP). This is
an open access article under the CC-BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number:100.1/ijam.B117304021024
DOI: 10.54105/ijam.B1173.04021024
Journal Website: www.ijam.latticescipub.com

16

The velocity of movement of the salt solution is described
by the Navier- Stokes equation [6,7]

N +V-v)V=-v| =

Yo,

rae P is the pressure in the considered xylem; v is the kin-
ematics viscosity; p is the density of solution. Boundary and
initial conditions for the considered functions could be writ-
ten as

C (-L,t)=Co, C (Lit) =0, C (2,0) = Cod (z+L), V(-L,t) =
Vo, V(L,t) = Vo, V4(-L,0) = Vo... (3)

Equation for projection for considered velocity in cylin-
drical system of coordinate could be written as
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We solved the above equation by method of averaging of
function corrections [6,8,9]. In the framework of the method
to determine the first-order approximation of projection of
the considered velocity of the solution of salts one shall re-
place it on the not yet known average value V;—a; in the
right side of the equation (4). The substitution gives a possi-
bility to obtain the following equation to determine the first-
order approximation of the considered projection

oV, 0[P
oz\ p

ot

Solution of the equation could be written as

vV, =V, —— j d T
0Zop

The second-order approximation of the considered projec-
tion could be obtained by replacing of the projection in the
right side of the equation (4) on the following sum:
V,—o2,+V1z. The replacement gives a possibility to obtain
the following equation to determine the required approxima-
oV, 0P ZAY

ot 0z

Integration of the obtained equation on time leads to the
following result

+V
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tion in the following form
1z
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The considered average value o, could be obtained by
using the following standard relation

1 0O L
a,, :ﬁi_{(\/h ~V,)dzdt.. (9

where © is the continuance of the considered process.
Substitution of the first- and the second-order approxima-
tions in the relation (9) gives a possibility to obtain the fol-
lowing relation to determine the considered average value

19 Lt 0V, oV,
aZz :m—{(@_t).l;J:v azz _(aZZ +V12)E dZdt (10)

We analyzed the considered projection of velocity of flow
of solution of salts analytically by using the second-order
approximations in the framework of the method of averag-
ing of function corrections. Usually the second-order ap-
proximation is the enough good approximation to do quali-
tative analysis and to obtain quantitative results. All analyti-
cal results were checked by numerical simulation. Next we
calculate the spatio-temporal distribution of concentration of
the considered salts by solving of the equation (1) by the
same method of averaging of function corrections. The first-
order approximation of the considered concentration was
calculated by replacement of the considered function on not
yet known average value auc in the right side of the equation
(1), i.e. C (z,t)>auc. The replacement with future integra-
tion of the obtain relation on time gives a possibility to ob-
tain the first-order approximation of concentration of the
considered salts in the following form

C,(2,1)=C, — o J[K (z.7)+div{V Jd 7. an

The second-order approximation of the considered con-
centration of salts was determine by standard replacing of
the required function in the right side of equation (1) on sum
of average value of the considered approximation and ap-
proximation  with  the previous order, ie. C
(z,t)—>a2c+Ca(z,t). The replacement with future integration
on time of the obtained relation gives a possibility to obtain
ratio to determine the second-order approximation of the
required concentration in the following form

C,(zt)=C, + div{gD(T )grad[C,(z,7)|d T}_i K(z,7)[a, +C,(z,7)]dc -

t o
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In this paper we obtained the required functions as the
second-order approximations in the framework of the stand-
ard procedure of the method of averaging of function correc-
tions. Usually the second-order approximation is enough
good approximations to make qualitative analysis and to
obtain quantitative results. All analytical results have been
checked by numerical simulation.

I11. DISCUSSION

In this section we analyzed transport of the considered an
aqueous solution of salts in a xylem on several parameters.
Fig. 1 shows dependence of concentration of the considered
salts on it's coefficient of diffusion. Increasing of numbers
of curves corresponds to increasing of pressure in the con-
sidered system. The figure shows monotonous decreasing of
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the considered concentration. Increasing of value of diffu-
sion coefficient leads to increasing of velocity of transport
of salts with decreasing of their values at fixed value of their
source. Fig. 2 shows dependence of concentration of salts on
kinematics viscosity v. Decreasing of the concentration with
increasing of the viscosity was obtained due to deceleration
of the transport of salts to the considered area. Fig. 3 shows
dependence of concentration of salts on it's velocity in inlet
of xylem V. Increasing of number of curve corresponds to
decreasing of pressure. Increasing of velocity Vo leads to
increasing of concentration of salts of xylem at fixed values

of other parameters.
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Fig. 2: Dependence of Concentration of Salts on Kine-
matics Viscosity v
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Fig. 3: Dependence of Concentration of Salts on its Ve-
locity in Inlet of Xylem VO
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In this paper we consider a model for the vertical lifting of
an aqueous solution of salts in a xylem. Based on the model
we analyzed changes of movement of the considered solu-
tion depending on various parameters. In this paper we also
consider an analytical approach of analysis of the considered
model. The approach gives a possibility to take into account
changes of parameters in space and time, as well as the non-
linearity of the considered processes.

IV. CONCLUSION
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