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ABSTRACT

The article discusses the theoretical aspects and practical
implementation of the definition, identification and
assessment of information flows and the content of
information in the objects of hydraulic structures. The
processes of the occurrence of possible additional internal
volume surfaces and the transfer of information between
them are described on the basis of general physical
theories of the interaction of condensed matter, using a
sequential analysis of the state of the emerging rubbing
surfaces due to their dynamic interaction. For this purpose,
objects of hydraulic structures, regardless of their
classifications, were divided into naturally formed and
artificially formed surfaces. The degrees of interaction
between them were determined on the basis of a
probabilistic approach to the energy states of surfaces. In
this case, the fact that the surfaces have mainly two types
of energy levels was taken into account. Energy levels are
loosely coupled molecular energy levels and pronounced
magnetic and electrical energy levels of electrons, atoms,
molecules. The first relates to hard artificial surfaces, and
the second to natural surfaces. In addition, the properties
of the surfaces were associated with the homogeneity of
the materials of the objects, which affects the activity of
the emerging boundary layers. The proposed methodology
determines the greatest probability of destruction resulting
from the dynamic interaction of the surfaces of hydraulic
objects using information technology. The article provides
some examples of the use of modern information systems
for organizing various work models based on the proposed
methodology for some objects of hydraulic structures. The
reliability of the achieved results of the application of the
technique is supported by well-known mathematical laws.

Key words: hydraulic structures, an object, naturally
formed objects, artificially formed objects, contacting
surfaces, volumetric processes, surface.

1. INTRODUCTION

Despite the fact that hydraulic structures have scattered
and various characteristics according to classification,
class, functional purpose, location, which are very

different from each other, hydraulic structures can be
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divided into naturally formed and artificially formed
objects in order to effectively manage them. Separation of
objects in this way makes it possible to use a flexible
approach when selecting a tool for studying the
composition of information flows and compiling on their
basis the most important system of information flows for
the life of a hydraulic structure. Some attempts in this area
were made when studying the interaction of a cold surface
with the surfaces of objects of a hydraulic structure [2] and
their influence on the injection ability of interacting
objects [7], which do not allow their results to be
generalized to all objects of a hydraulic structure.

Any objects, parts and processes that are obtained by
acting on them by artificial means, or by direct human
actions using artificial means can be attributed to an
artificially formed structure. Examples are waterfront
structures, locks, dams, irrigation systems, culverts on
reclamation canals [6], lintels, canals, storm sewers, and
other objects, as well as objects that ensure the life of the
hydraulic structure. Each of the listed objects have
parameters that differ from each other. The parameters of
these objects are constant, unchanged, weakly exposed to
danger and parameters that are weakly destructive from
the effects of the nature and duration of the life cycle.
Examples of such parameters for artificially formed
objects are height, length, width, volume, physico-
chemical properties of the material of the object.

Naturally formed objects should include all objects that are
formed: 1) between the contacting surfaces of any
artificially formed objects, 2) between the touching
surfaces of any artificially formed and naturally formed
objects, 3) between the touching surfaces of any naturally
formed objects. Since these objects are in dynamic
interaction with each other, the processes between them
will be variable in the following characteristics: in content,
in intensity, in space coverage, in the formation of a new
border surface, etc.

2. RESEARCH METHODS

The methods of scientific analysis of information flows
were used in the article, which determine the sources and
receivers of information, their location, the occurrence of
processes between them, the direction of information flow
in the flows between sources and receivers of information.
It is assumed that the use of general physical laws and
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mathematical expressions to describe processes between
separated surfaces expands the capabilities of this
technique in identifying processes in artificially formed
objects and in naturally formed objects.

It should be noted that there is a common and distinctive
between processes in artificially formed objects and in
naturally formed objects. 1) The general fact is that
volumetric processes occurring inside naturally formed
and artificially formed objects are natural processes and
are not influenced by the human factor. For example,
natural processes that are not dependent on humans occur
inside the walls of water bearing, water conveyance,
regulatory and sluice-way structures, as well as inside any
liquids that are even changed in composition (water, oils,
acids, alkalis, etc.). This means that the destructive
properties of internal processes are of little significance for
a hydraulic structure. Therefore, when organizing a
hydraulic engineering structure, one must take into
account that volumetric processes are invulnerable places
and their study is of little effect in terms of the impact on
the life of a hydraulic engineering structure. 2) The
distinguishing feature is that the processes occurring
between the surfaces of all kinds of objects are artificially
formed processes, since they are created artificially and
give in to human influences. It is possible to control the
rate of destruction of surfaces and achieve the most
effective extension of the lifetime of a hydraulic structure
with the same volumetric processes in objects, simulating
the processes of inter-surface interaction. In other words,
the processes occurring between contacting surfaces are
protective layers for internal natural volumetric processes.
The question arises: how can one influence inter-surface
interactions? To answer this question, it is necessary to
determine the sources and receivers of these processes.
Obviously, the processes occur in the following directions
from source to receiver, which are indicated in the table 1.

Table 1: The pattern of occurrence of information flows

No Source Receiver

1 Naturally formed Naturally formed
surface surface

2 Naturally formed Artificially formed
surface surface

3 Artificially formed Naturally formed
surface surface

4 Artificially formed Artificially formed
surface surface

In most cases, the surfaces of artificial objects are in some
way altered surfaces of solids with a certain energy of
intermolecular bonds. This means that the surfaces of
artificial objects are less likely to change their surface
when receiving energy from a source (object). Natural
objects have a larger, both quantitative and qualitative, set
of energy states, therefore, and have a higher ability to
change the surface of an artificial object than artificial
objects to change the surface of a natural object. This
probability pattern is shown in table 1: the probability
decreases from top to bottom. Thus, in terms of the rate of
surface destruction, the first place is occupied by
interactions of the type “Naturally formed surface —
Naturally formed surface”.
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Of great importance is the energetic constituent parts of
both naturally formed and artificially formed surfaces. The
analysis of information in this direction shows that
surfaces mainly have the following energy levels: a)
weakly bound molecular energy levels; b) pronounced
magnetic and electrical energy levels of electrons, atoms,
molecules. The first relates to hard artificial surfaces, and
the second to natural surfaces. For example, these
differences can be observed by the degree of oxidizing
properties of objects: oxidative properties are less
pronounced on the surfaces of artificial objects than on the
surface of a natural object. This means that the process of
transmitting information about the state of the source to
the receiver and vice versa occurs when the surfaces
interact; for example, from the surface of the water to the
surface of concrete, and vice versa.

Movable constituent parts that have interacting surfaces
are defined. 1) Solids are homogeneous due to the
following factors: a) are made of the same material; b)
made of various foreign materials, but mainly of their
mechanical mixtures, which are electrically neutral
compared to homogeneous particles of the basic material
of a solid body. 2) Liquid bodies, mainly water, are
homogeneous due to the following factors: a) consist of
intrinsic molecules, b) consist of mechanical, electrically
neutral (compared to a liquid) foreign molecules. Based on
this, it can be assumed that the surfaces of solids are
composed of molecules with less mobile and free atoms
and electrons than liquids. Therefore, the surfaces of solids
are less active for the formation of a boundary layer than
the surface of a liquid.

3. RESULTS AND DISCUSSION

After listing the parameters that are necessary to compile a
model for ensuring the life of a hydraulic structure [3, 7,
8], we see that a huge amount of data will be required for
coordinated actions at all levels of management. It is also
important to correctly determine the information flows
between the sources and receivers indicated in table 1,
with the content of information on the information
parameters of messages and signals. The determination of
the content of information flows, the relationship between
them and the accurate compilation of information flow
systems in a hydraulic structure is the guarantor of a
correctly composed model close to real phenomena.

It should be noted that the collection, storage, processing
and transmission of information to solve the task is
impossible without the following modern information
technologies: Architecture of Integrated Information
Systems such as ARIS, CD-adapco STAR-CD
(Computational Dynamics-Analysis & Design Application
Company Ltd), application package Solver Microsoft
Excel (Microsoft Office Excel), Statistica - software
package for statistical analysis, developed by StatSoft and
many others.

When using the CD-adapco STAR-CD software package,
which contains built-in options for setting boundary
conditions covering most of the practical tasks of
modeling culverts for hydraulic structures according to the
main parameters, it is possible to select PROSTAR options
that provide a level of spatial resolution for setting
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boundary conditions ranging from an individual cell to the
entire surface of the computational domain when
designing hybrid models of culverts of hydraulic
structures.

When modeling the phenomena of culverts of hydraulic
structures and their resistance nodes with specified
dimensions in three-dimensional geometry, the entire
pressure flow of the mathematical model in CD-adapco
STAR-CD is divided into a computational grid. The
purpose of constructing a grid is to describe the boundary
surfaces of the computational domains and to divide these
volumes into subregions or cells used for the numerical
solution of the differential equations of the mathematical
model. In the mathematical model, the flow grid can
consist of 50,000 elements, namely, cut-off polyhedra, the
density of water p = 1000 kg/m®, the coefficient of
kinematic viscosity v=0,0101-10"* m?%s, dynamic viscosity
1 =10,1-10"Pas, the given flow rate on the model Q=21

5
I/s for all designs of resistance nodes (Re =2-10 ) at

0
temperature t=293K =20°C 4re taken. The flow at
the entrance to the culvert should have a kinetic energy

coefficient & close to unity.

The boundary conditions for the mathematical model were
set by piezometric pressures along the entire length of the
culvert structure of the hydraulic structure, which were
obtained experimentally with different schemes of nodal
resistances, which made it possible to set the pressure
distribution.

The boundary condition at the wall when using the
software product CD-adapco STAR-CD was to establish

the speed Vi equal to zero. However, in the models for

. 5
high Reynolds numbers (the number Re=(1+3)-10
in experiments), special functions were used that are called
“wall functions” to calculate changes in velocity,
temperature, and turbulent energy in the wall layer. Such a
practice is inevitable, since such models are incorrect in
the near-wall regions, where the molecular and turbulence
effects are comparable. This is also advisable, since it
helps to avoid the use of a fine mesh inside the wall layer,
with a corresponding increase in the system requirements
of a personal computer. The representation of turbulent
properties near the boundary layer through “wall
functions” is a certain approximation, the accuracy of
which is determined by the adequacy of the entire set of
assumptions and approximations inherent in these
functions to describe the real picture of the phenomenon.
The main assumption on which the standard wall functions
used are based are as follows:

- the change in speed is predominantly normal with
respect to the wall and tend to one-dimensional;

- the effects of pressure gradients and bulk forces
are negligible, tend to a uniform distribution of shear
stresses in the wall layer;

- shear stresses and velocity vectors merge into a
single whole and are codirectional throughout the layer;

- there is a balance between the produced and
diffused energy of turbulence;

- the change in the length of the turbulence scale
occurs linearly.
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4. RESEARCH RESULTS

The resulting formulas describing the cross-flow profiles

as a function of the normal distance from the wall y are
as follows:

Speed:
y" Y S Yy
T = 1 + + +
—In(Ey") .y" >y,
Z 1
@
— —
where u’=(u UW)/UT, ©); Y is tangential

component of the flow velocity; Uw is tangential velocity

0,5
u =(z, /1 p)">. 7y .
near the wall; ¢ ( w!p ) : "W js shear stress near

+ ~ 0,25,,05

Karman constant; Eis empirical coefficient.

The task E preserves hydrodynamically smooth walls. In
the literature, there are a number of formulas for rough and
completely rough walls, as well as an analysis of
theoretical and field data [6]. Works I.E. Idelchik and A.G.
Adamov [4,5] are interesting. There is a lot of work on this
issue in foreign literature, many of these studies have been
carried out experimentally and numerically [10,11,12,13].
Most of them have the following form:

U=yt oy S Ye

2
0= A+t Y =P BRYARYA
x | B+CR”
D+:pC 1/4%1/22
U

u

R = pCl4 Y2 Yo
U

where A, B and C are constants; D is displacement

thickness; Yo =4, is equivalent roughness height,

according to experiments As = 0’03MM_

+
The value Yim satisfies the equation:

Yo —iln(Ey;)=0
X .

®)

The last two quantitative characteristics are illustrated in
Figure 1. The value D is such that the fluid velocity

decreases to zero at a distance — D+, from the wall.
+
The value Ym depends on the formula used. For a

+ f—
completely rough wall Y = 0, since equation (3) is not
used. The value of the constants depends on the type of
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flow and the type of roughness. According to the research
of A.D. Altshul [1] the possible discrepancies in the
calculation using various formulas are insignificant,
compared with the errors that usually occur due to the
uncertainty in the choice of roughness values. The

performed measurements by Nikuradze [9] of flows in
pipelines having a roughness of sand gave the following

constant values A=0’85, B=0, Czl, D=0,

Figure 1: Illustration of a typical roughness element

The main condition for the verification (verification) of the
model was its comparison with the actual experimental
values. A comparative analysis was performed for each
series of experiments by comparing the pressure fields of
the mathematical model and the data that were obtained as
a result of a hydraulic field experiment.

Verification of the experimental piezometric pressure
values along the waterway route with the pressure values

of the mathematical model of the flow for one of the
options is shown in Figure 2, which shows a graph of the
piezometric pressure changes in pascals along the length
of the water pipe, where the experimental values are
indicated by dots and piezometric pressures plotted by
lines numerical model.
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Figure 2 : lllustration of changes in piezometric pressure and pressures obtained using IT technology
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5. CONCLUSION

Verification of the data of local losses obtained as a result
of a physical experiment and the data of mathematical
modeling of the pressure flow in the CD-adapco STAR-
CD application program shows their good coincidence
when numerically solving the system of differential
Navier-Stokes equations in a stationary turbulent flow.

A local decrease in piezometric pressure for all types of

local resistances in the control range a/ d=01+0/4,

with the formation of a vortex zone, is observed according
to mathematical modeling in the considered local
resistance unit, as well as according to the actual
experiment. The piezometric pressure behind local
resistances varied from 100 to 600 mm of a water column

of liquid. The closure of the a/d local resistance valves
for the flow rate Q=21 I/s and the Reynolds number

Re=2-10° in the experimental and mathematical
models corresponded to the nature of the flow when the
pressure flow behind the local resistance is able to
maintain the dynamic vacuum that forms immediately
after the local resistance. In almost all cases, there was
also a local increase and subsequent decrease in
piezometric pressure in the interface between the tee
branch and the transit branch of the water conduit.

Thus, the pressure fields for all considered cases obtained
as a result of mathematical modeling showed good
agreement with the data obtained experimentally. In all
cases, the discrepancies between the experiment and the
data of mathematical modeling were within 2-4%.
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