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Abstract: This project embraces the recycling water supply systems and relates to rational
use of clean water as well as to improving wastewater and sludges treatment. The optimization
problem is that the recycling water supply has to be a comlex system of individual tools should be
an effective part of it. To execept blowing the different intensity of contaminants accumulation in
such systems must be compensated by means of the adequate intensity of contaminants removing.
The second area of application regarding to the research and development of the hydrodynamic
Lagrange method jointly with the boundary streams model for calculation of power interaction
between water flow and streamlining units used for the exploitation of offshore deposits.
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Introduction. It is evident that hydraulic one-dimension method based on the
average flow velocity brings to the unsusceptible model for aquatic systems
optimization. According to the widespread hydrodynamic Euler method we should
study a velocity field connected with the local velocity concept under solving the
Navier-Stokes equations (Atanov, Daugherty 1985). To the contrary, the Lagrange
method deals with the individual water particles and it seems to be more natural
approach. However, for unknown flow lines this method has not the advantage by
mathematical difficulties. Nevertheless, we have the row of engineering problems
characterized with the quite defined boundary and initial conditions regarding to the
some particular elements of flow (Daily & Harleman 1971, Wirz & Smolderen 1978).
For example, the boundary streams move along the flow formative lines and it is the
important circumstance to use the Lagrange method for calculation of interactions
between flow and streamlining bodies (Shandyba et al.1992, 1998, 1999 ). On the
other hand, filtration moving along relief slope allows to solve the mass-transfer
equations and predict the ecology consequences of chemical substances migration
(including radionucleades) into ground water and the residue levels of the dangerous
chemicals in soil (Shandyba et al. 1997).This simple and comprehensive method also
can be used to improve the design and operation of recycling water treatment of
manufacturing process systems (USSR Patent No 1761819). At the same time, there
is growing technical concern about the available optimization procedures which take
into account the easy-defined integral parameters of hydrodynamic, chemical or
biology interactions in different aquatic systems. On this reason, an attempt is made
up for an extension of this field [1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15].
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Differential recycling water supply system. The use of recycling water sypply
systems under non-blowing operation results in the contaminants accumulation and
exceeding concentration limits for circulation water (Shandyba 1996, Ukraine Patent
No 20947 A). Balance of accumulation and contaminant removing is provided by
treatment plants (cleaners)  which wusually are special-purposed for several
contaminants (Fig. 1). However, it is necessary to remove all dangerous limited
components from circulation water. Moreover, a different intensity of a different
contaminants accumulation in circulation water must be compensated by means of an
adequate intensity of removing these components from water on the treatment stages.
To prevent exceeding of the allowable level of the contaminant concentration in
circulation water the following condition should be provided:

CI,'E,'Q"‘C/Epr:(f"'g)Cfa"'Mi_G/ (1)

where C, - limit concentration of i contaminant in circulation water; C, -
actual concentration of 1 contaminant in circulation water; C, - initial concentration
of 1 contaminantin fresh water; E,- removing efficiency on the cleaning plant; £, -

removing efficiency of 1 contaminant on the bypass cleaning plant; Q - circulation
water rate; Q,- bypass water rate M,; G, - accumulation and loss intensity of i

contaminant; (r + g) - evaporation and hydraulic transfer rate.

To realize the suggested approach in practice we have proposed the two-staged
waste heat utilization plant (figure 2 ). The operation is possible if the intensity of
hardness accumulation in water does not exceed some level determinated eq.(1)
under efficiency corresponding to the heat output of flue gas flow (Ukraine Patent No
20947 A). Evidently, if the heat output is not sufficient for heating the whole
circulation water rate, then it can be enough for heating bypass water. The sample of
heat utilization plant made as a scrubber 1 with flue gas inlet 2 and outlet 3, sprayers
4, drop separator 5 settlingcone 6. Besides the system includes heat exchanger 7,
circulation pump 8, neutralizator 9 and stabilizator 10.

Under operation, the flue gas through the inlet 2 flows into the scrubber 1, heats
the sprayed circulating water to 55-65°C and arises with the captured water drops to
the drop separator 5. After the separation, a some part of the circulating water passes
through the heat exchanger 7 to the neutralizator 9. The lime slurry neutralization of
high temperature water brings to more hardness reducing and water stabilization.

Cleaned i
flue gas

Fig. 1. Differential recycling water supply system
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Fig. 2. Flue gas heat utilization plant

Power interaction in water flow. Theory of head-resistance under
contraction. The conical contraction is the most widespread unit of many
technical systems. For the inside problem of Hydrodynamics it is the noticeable
sample of power interaction between flow and streamlining surface (Daily &
Harleman 1971, Shandyba 1992, 1999).In this consideration we shall be limited by
the developed turbulence regime that allows to examine the influence of contraction
geometry on pressure distribution, energy losses and drag resistance. It was found
that the loss of pressure in axially symmetric conical contraction (fig. 3) is
connected with the excess pressure of viscous flow to ideal flow by the following

R
equation: ApS, =2rx I Ar)rdr (3.1)

where Ap is loss of pressure, S, is lesser cross-sectional area, r, R are radiuses
lesser and greater cross sections, f(r) is excess pressure of viscous flow to ideal
flow.
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Fig. 3. Excess pressure of viscous flow to Ideal flow

To determinate this function f(r) we suppose the whole flow in the contraction
as the complex of elementary streams where pressure and velocity are averaged
on time according to the Reynolds-Boussinesqe model [1, 3, 11, 13, 14, 15].
Taking into account the change of the flow structure in contraction, one must
consider the two characteristic sections of flow: before and into contraction. The
character of interacting each stream with the conical surface depends on its initial
disposition in flow before contraction and the contraction geometry. At this point
of view the boundary streams seem to be most important. Under the unseparated
streamlining movement these have the quite defined ways like the contraction
formative lines. Using the impulse conservation equation the excess pressure can be
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found for the boundary streams. Thus, if a liquid particle with mass equal p has
the impuls p(%,V)) in cross-section 1-1 (where ko is ratio of boundary stream
velocity to average flow velocity before contraction), then its impuls will be equal
p(koVi)cosa after interacting with the conical surface under attack angle a.

The corresponding excess pressure in the connection point of conical
contraction will be defined from Bernoulli's equation:

p(R)=p, + p(konl). - p(konl). cos ‘a = (3.2)
p p(konl)“ in g
. V)’
where excess pressure function AR)= % sin’ o

The experimental data confirm the presence and proportionality of the excess
pressure to sin’ ¢ function. It is important to note the increasing of excess pressure
along the boundary streams on any head streamlininig surface under contraction
of flow. This takes place because there is energy redistribution in contraction
connected with increasing energy of the boundary streams accordingly decreasing
energy of the inside streams. The corresponding excess pressure occurs due to the
change of impulses of the inside streams. The value of pressure change may be
found from the following arguments. First, the excess pressure of real flow to ideal
flow 1is the result of the interaction between flow and inside surface of
contraction. It is connected with the changes of velocities and, accordingly, liquid
particles' impulses in the streams. Moreover, only a part of impulse's energy is
consumed for increasing potential energy of the boundary streams. This increasing
conforms to sin’« function. From the impulse conservation we can see that
interaction of the inside streams with the contraction surface will be analogous with
the boundary streams' interaction under their turning. In other words, a ratio of
excess potential f and kinetic ¢ energy is kept constantly on all inside surface of
G sin” a = const (3.3)
dp(r) cos’«a

Generally speaking, the distribution of the excess energy in the boundary
streams depends on the initial impulses distribution in flow and the local angles of
interaction with the contraction surface. The excess energy distribution can be
expressed as the sum: dE = df(r) + dp(r) = dE sin® a + dE cos” a (3.4)

the conical contraction, 1.e., if o = const,

Second, the velocity of considering streams will increase in accordance with
reduction of cross-sections of the contraction as well as the excess pressure will
increase proportionally to the contraction degree function s = R*/r*. It is very
essential that the summary increase of kinetic energy of the boundary streams
consists of the ideal and impulse components. The impulse component is increased
by energy reduction of the inside streams having the liquid particles with pkV,

impulses, where 4 function increases from &, to 4, for axis.
At the same time the ideal component is increased by Bernoulli's equation and

correlated to s function in accordance with the continuous equation. On the same
reason, the summary increase of kinetic energy of the boundary streams also is
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correlated to this contraction degree function.
Evidently, the impulse kinetic component dp(r) i1s changed as the difference

p(kV)?

in analogous way: dp(r) = Tcosz ad(s”) (3.5)
Therefore, from eq. (4) the excess pressure will depend on this function too:
2
df (r) = @sm2 ad(s?) (3.6)

As integral, the excess pressure distribution on inside surface of contraction
is:

Ar)= pTvﬁ j K sin® ad(s’ )+ f(R) (3.7)

Then the shape component of head-resistance force can be defined as:

r 2s
ApS, =2;zj % j k*sin® ad(s®)+ f(R) |rdr (3.8)

0 1
Axially symmetric model. For a passage to the external aerodynamic problem
[1,3,4,8 11, 13, 14, 15] we shall consider the peculiar ring contraction at the head of
streamlining pontoon (fig. 4), In this case we have a cylindrical long body with
conical head situated in tube. Obviously, the hydraulic losses coefficient of the whole

body may be presented as the sum: E =&, +E +E, (3.9
where ¢, , &,, &, are the hydraulic loss coefficients of the ring contraction,

pontoon surface friction and Borda’s sudden expansion after stern.
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Fig. 4. Ring contraction at the conical head of pontoon

Assuming « =const, k=1 after integrating and transformation (3.8) we obtain:
2 2

Apthp;/l :(l/ﬂz—l/ﬂ)sinzocp;/1 (3.10)

where n= 1-r/R’.
pV: (-0’ pV’
2 72
The share of these components can be calculated on the analogy of pipelines. As
result, the total hydrodynamic resistance of pontoon under disregarding friction is:

From Borda’s formula : Ap=¢, (3.11)

2 2
FX=%[{]—ﬂ)SIlr]ZomL(]—ﬂ)Z]ﬂ (3.12)
n 2
where contraction degree n = 0.695 for free flow.
It 1s important to note that there is a possibility to optimize the power interaction
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by improving shape of streamlining bodies (Shandyba&Nazarenko 1998).

Concluding remarks. The specimen results shown in the present report concern
mainly water flows but may be used for optimization procedures in air protection
plant. The Lagrange methods are the good means for calculation of the optimal
hydraulic and mass-transfer regimes as well as for improving process design.

The effective management of hydraulic regimes, through improved system
operation or new technology, leads to the more efficient use and conservation of
resources and energy.
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Anomauia: B cmammi poszensaoaiomocs 06opomui cucmemu 6000N0CMA4anHs 3 MOYKU 30Dy
PAYIOHAILHO2O BUKOPUCAHHS 800U | KOMNWIEKCHOI 0bpobKku ocadie. Onmumizayitina npooiema
CmMocyemuvcs psdy OKpemux elemMeHmis, w0 NOSUHHI (QYHKYionyeamu, AK eQeKkmueHi Yacmunu
nooionux cucmem. IllJob6 3meHwumu abo GukIOYUMU NPOYeC NPOOYBAHHS 3AOPYOHEHb, SKI
HaKoOnuuylomusCcsi 8 CUCmemax 3 oughepenyitiosanoro iHmeHCUBHicmio, HeoOXiOHO KOMNEHCY8amu ix
a0eK8amuum 8uOaieHHaM. IHuow obaacmio 3acmocy8anHs 2iopoouHamiuHo2o memody Jlaeparoica
€ MOO€Nb MeNCOBUX CMPYMEHI8, W0 O00380JAE€ pPO3PAXY8AMU CUNO0BY B3AEMOOII0 0OMIKAIY020
NOMOKY 3 eJleMeHmMamu pyclo8ux cnopyo.

Kniouogi cnosa: Memoo Jlacpanoica, 600HI cucmemu, yCmaHo8Kka Ymunizayii menia, cuiosd
83a€MO00is, 10008Ull onip, Koepiyicumu 2i0pasIivHuUx 6mpam, Kiivbyese CIMUCHEHHS.
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