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MODELIRANJE DVOFAZNOG STRUJANJA (VODE I VAZDUHA)
NAKON UTISKIVANJA VAZDUHA U VODU
NUMERICAL MODELING OF TWO PHASE FLOW (WATER-AIR) AFTER

AIR INJECTION INTO THE WATER

-

APSTRAKT

Jedna od raspolozovih tehnologija za poboljsanje kvaliteta vode u jezerima i akumulacijama predstavlja utiskivanje vazduha, odno-
sno kiseonika, u dublje slojeve vode (hipolimnion), ¢ime se podsti¢e mesanje vode po vertikalnoj osi i ostvaruje transfer kiseonika iz
gasne faze u vodu. U radu se prikazuje razvijeni 3D numeri¢ki model za simulaciju dvofaznog strujanja gasa i vode, kojim su obuh-
vaceni i uticaji stisljivosti vazduha, kao i transfer mase izmedu vazduha i vode. Model je najpre verifikovan simulacijom nekoliko ek-
sperimenata iz literature, gde su poredeni podaci o distribuciji vazduha i brzine vode nakon utiskivanja vazduha u vodom ispunjen
sud sa rezultatima simulacije. Pri tome, simulirani su uslovi stru-janja gde se postize kvazi-ustaljeno strujanje, kao i eksperimenti u
kojima takvo strujanje ne moze da se ostvari. U drugom delu, model je koriS¢en za simulaciju sprovedenih eks-perimenata u kojima
je osmatran porast koncentracija rastvorenog kiseonika tokom utiskivanja vazduha. U radu se prikazuju rezultati ovih simulacija,
gde se mogu konstatovati zadovolja-vajuca slaganja izmerenih i sracunatih velicina.

Kljucne reci: numericko modeliranje, dvofazno strujanje

ABSTRACT

One of available lake restoration technologies is injection of compressed air or oxygen into a hypolimnion, promoting vertical mi-
xing of water and dissolution of oxygen. A numerical model has been developed for simulation of bubble flow, with consideration of
gas compressibility and oxygen dissolution. Developed model is intended to be utilized for simulation of lakes DO recovery. Model
is firstly verified by simulation of bubble flow experiments, reported in the literature, where very good quantitative and qualitative
agreement between measured and simulated results is observed. Both flow configurations are tested: in which steady state is achi-
eved, and where steady conditions can not develop. In the second part, model is applied for simulation of conducted experiments
where oxygen dissolution has been considered. The paper presents simulation results, where good agreement of simulated and
measured quantities is observed.

Key words: numerical modeling, two phase flow

1 UVOD 1 INTRODUCTION

Eutrofikacija predstavlja prirodni proces starenja vod-
nih tela tokom koga dolazi do prelaza iz nisko pro-
duktivnog stanja (oligotrofnog) u visoko produktivno
stanje (eutrofno). Kod ovakvog stanja, vecina organ-
ske mase koja se produkuje u povrsinskim slojevima
se ne razgraduje u potpunosti, ve¢ se akumulira na
dnu, gde se obavlja razgradnja. Usled povecanog
(veStackog) unosa nutrijenata, ovaj proces se znatno
ubrzava, usled ¢ega dolazi do znacajnog smanjenja
koncentracija kiseonika pri dnu eutrofnog jezera, a
u nepovoljnijim sluc¢ajevima i do anaerobnog stan-
ja. Ovo ima za posledicu povecanje koncentracija
amonijaka, gvozda, mangana i drugih materija, kao i
pojave vodonik sulfida i metana, $to negativno utice
na kvalitet, kako sa stanovista biotopa, tako i u smislu
mogucnosti koridéenja vode.

Eutrophication is a natural process of water body
aging which occurs during the transition from low-
productive state (oligotrophic) to a highly producti-
ve state (eutrophic). In such state, most of the orga-
nic mass that is produced in the surface layers is not
completely disintegrated, but accumulates on the
bottom, where decomposition is performed. Due to
the increased (artificial) input of nutrients, this pro-
cess is much faster, which results in significant re-
duction of oxygen concentration at the bottom of
eutrophic lakes, and in unfavorable cases, anaerobic
state. The consequence is increased concentration of
ammonia, iron, manganese and other substances, as
well as the appearance of hydrogen sulfide and met-
hane, which negatively affects the quality, both from
the standpoint of biotopes, and in terms of ability to

1 Dr Nenad Jacimovi¢, docent, Univerzitet u Beogradu, Gradevinski faklutet

2 Dr Takashi Hosoda, Professor, Kyoto University, Kyoto, Japan

3 Dr Marko Ivetic¢, Profesor, Univerzitet u Beogradu, Gradevinski faklutet

Voda i sanitarna tehnika

XL (2) 3-10 (2010)



Kao jedna od mogucih mera revitalizacije, odnosno
usporavanja procesa eutrofikacije, ¢esto se koristi
tehnologija utiskivanja vazduha ili Cistog kiseonika
pod pritiskom [1, 2, 3]. Cilj moZe da bude vestacko
mesanje vode u vertikalnom pravcu, koje se javlja
usled sile uzgona koja deluje na gasovitu fazu, a koja
pokrece tezu vodu ka povrsinskim slojevima. Tako-
de, u periodu kada nije povoljno vertikalno mesanje,
ovim je mogucde uticati na povecéanje koncentraciju
kiseonika u dubljim slojevima, do ¢ega dolazi usled
rastvaranja kiseonika iz gasovite faze.

Kao inovativna tehnologija, u okviru ovde prikazanih
istrazivanja, razmatrana je tehnologija proizvodnje
kiseonika elektrolizom, pri cemu je predvideno da se
istovre-meno oslobodeni vodonik sakuplja i koristi u
energetske svrhe. U radu se prikazuje numeri¢ki mo-
del, razvijen u okviru ovih istrazivanja, za simulaciju
dvofaznog strujanja vode i vazduha. Modelom su
obuhvaceni efekti stisljivosti gasovite faze, kao i pro-
ces transfera kiseonika iz gasovite faze u vodu.

2 OPIS MATEMATICKOG MODELA

Numericko modeliranje dvofaznog tecenje vode i
vazduha, u cilju simulacije tehnologije za poboljsan-
je kvaliteta vode, se moze podeliti na dva problema.
Prvi se odnosi na modeliranje rasporeda gasovite i
te¢ne faze, gde uzgon predstavlja osnovnu pokre-ta-
¢ku silu, dok se drugi problem odnosi na rastvaranje,
odnosno transfer mase iz jedne u drugu fazu, a zatim
i transport rastvorene materije u te¢noj fazi.

Imajuci u vidu stisljivost gasovite faze, kao i prelaz
mase jedne faze u drugu, jednacine kontinuiteta za
gasovitu, odnosno te¢nu fazu se moze pisati kao:
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ot ox, P

gde se indeksi g i w odnose na gasovitu fazu i vodu,
respektivno, x je kooridnatni pravac, t je vreme, p je
gustina pojedine faze, a. zapreminski udeo pojedine
faze, V. komponenta vektora brzine, dok G,, pred-
stavlja transfer mase izmedu pojedinih faza, u jedinici
vremena i po jedinici zapremine. Pritome, neophod-
no je da uvek bude ispunjen uslov:
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Obzirom da je neophodno voditi ra¢una o stisljivosti
vazduha, pretpostavljeno je da vazi jednacina stanja:

P,
= =RT (a)
P,

gde je p, apsolutni prltlsak u gasovitoj fazi, T je apso-
lutna temperatura i R gasna konstanta.

use water.

As one possible measure of revitalization, or slowing
down the eutrophication process, technology of air
or pure oxygen injection under pressure is often used
[1, 2, 3]. The goal can be artificial vertical mixing of wa-
ter, which occurs due to the buoyancy force acting
on the gaseous phase, which runs water to surface
layers. Also, in the period of adverse conditions of
vertical mixing, this can affect the increase of oxygen
concentration in deeper layers, which occurs due to
the dissolution of oxygen in the gas phase.

As an innovative technology, among others researc-
hes shown in this paper, the technology of oxygen
production by electrolysis was discussed, with simul-
taneous collecting of released hydrogen which can
be used for energy purposes. This paper presents the
numerical model developed in this research, simula-
tion two-phase flow of water and air. Model includes
gas compressibility effects, and the process of ox-
ygen dissolution.

2 DESCRIPTION OF NUMERICAL MO-
DEL

Numerical modeling of bubble flow, for the purpo-
se of simulation of technology for improving water
quality, can be divided into two problems. The first
relates to the modeling of gas and liquid phase distri-
bution, where buoyancy is the primary driving force,
while the second problem is related to dissolution
and mass transfer from one phase to another, and
then transport of dissolved matter in liquid phase.

Considering the compressibility of gaseous phase, as
well as mass transfer from one phase to another, the
equation of continuity for gas or liquid phase can be
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where indexes g and w are for gaseous and liquid
phase, respectively, x, is coordinate direction, t is ti-
me, p is density of each phase, a is volume share of
individual phase, V, is component of velocity, while

., represents the mass transfer between phases, in
un|t time and per unit volume. Beside that it also re-

quires the following condition:
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Since it is necessary to take into account the gas com-
pressibility, it is assumed that the following equation
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Transfer kiseonika iz gasovite faze u vodu je modeli-
ran na osnovu sledeceg izraza [1]:

G, =K, A(Hp, -DO) (5)

gdeje K, koeﬁcuent prenosa mase, A specifi¢cna kon-
taktna povrsma H Henry-eva konstanta u dimenzio-
nalnom obliku i DO koncentracija rastvorenog kiseo-
nika. Nave-deni koeficijent je funkcija pre¢nika me-
huri¢a, i to priblizno linearna funkcija do odredene
vrednosti precnika (~ 1,4 mm), dok se za vece vredno-
sti moze aproksimovati konstantnom vrednos¢u od
priblizno 0,04 cm/s [2].

Tokom kretanja mehuri¢a vazduha, dolazi do prome-
ne njihove zapremine usled promene pritiska, kao i
usled procesa rastvaranja, na osnovu ¢ega se menja
kontaktna povrsina kroz koju se odvija transfer mase
izmedu faza, ali $to utice i na razmenu kolic¢ine kre-
tanja izmedu faza. Zbog toga je u opisanom modelu
ukljucena i konvektivna jednacina kojom se prati broj
mehuric¢a u kontrolnoj zapremini:

5Nb + 0 Nth:r )_

ot ox,

gde je N, broj mehuri¢a po jedinici zapremine. Na
osnovu sracunatog zapreminskog udela gasovite fa-
ze i na ovako dobijenog broja mehuri¢a se odreduje
prec¢nik mehuric¢a. Drugim re¢ima, pretpostavljena je
ista veli¢ina mehuric¢a u jednoj kontrolnoj zapremini,
kao i da ne dolazi do razdvajanja mehurié¢a, odnosno
njihovog medusobnog spajanja.
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Slede dinamicke jednacine za obe faze, koje se resa-
vaju ovim modelom:
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gde je g, komponenta gravitacione sile, T, tangenci-
jalni napon gde su ukljucenl viskoz-ni i efuekt| turbu-
lencije i Fgwj sila ,otpora“, koja predstavlja razmenu
koli¢ine kretanja izmedu dve faze. Upravo kroz ovaj
¢lan, kao i kroz pritisak, kuplovane su jednacine (7) i
(8). Naznacajniju komponentu sile otpora predstavlja
sila otpora oblika, koja je ovde ra¢unata kao:

l Cc." p u'TE

Fgﬂ.;f' - 2 g Vlt_'f' 9)
gde je d, precnik mehurica, dok se koeficijent C, mo-
Ze odrediti na osnovu izraza u kome figurisu Rejnol-
dsov i Eotvosov broj [4]:
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where p is absolute pressure in gaseous phase, T is
absolute temperature, and R is gas constant.

Oxygen transfer from the gas phase is modelled by
the following expression [1]:

G.t:u' = K;:h'A(Hpg - DO) (5)

where K is mass transfer coefficient, A is specific
contact area, H is Henry constant k in dimensional
form and DO concentration of dissolved oxygen. This
coefficient is a function of the diameter of bubbles,
and approximately linear function for certain diame-
ter values (~ 1,4 mm), while for higher values it can be
approximated with constant value of approximately
0,04 cm/s [2].

During the movement of air bubbles, their volume
is changing due to pressure changes, and due to the
process of dissolution, which results in change of
contact area through which mass transfer takes place
between phases, but it also affects the exchange of
momentum between stages. Therefore, the descri-
bed model includes convective equation, which mo-
nitors the number of bubbles in the control volume:

o, or,).

(6)
ot Ox,

where N, is number of bubbles per unit volume. Ba-
sed on the calculated volume share of gas phase and
thus obtained the number of bubbles, the diameter
of bubbles is determined. In other words, the assum-
ption is the same size of bubbles in a single volume
control, as well as non-existence of bubble separa-
tion or their mutual connection.

In the following are dynamic equations for both pha-
ses, which are solved with this model:
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where g is component of grawty, T, is tangential ten-
sion, which includes the effects of wscosnty and turbu-
lence and Fgwj is “resistance” force, which represents
the exchange of momentum between the two phases.
Equations (7) and (8) are obtained using this part and
pressure. The resistance force is calculated as:

, 1
1-(&’“}' = E C-ff P i Wy )
where d, is bubble diameter, while C, coefficient can
be determined on the basis of the equation with Rey-
nolds and E6tvos number [4]:

dp v, -V,
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Prikazane jednacine (1) — (10) su diskretizovane me-
todom konacnih zapremina, tako da su vektorske ve-
licine definisane na stranicama, dok su skalarne ve-
licine defini-sane u centru kontrolne zapremine. Za
racunanje vrednosti pritisaka i brzina u svakom vre-
menskom koraku, koris¢en je HSMAC (Highly Simpli-
fied Marker And Cell) metod [5], gde je primenjena
Adams-Bashforth shema za vremensku integraciju
konvektivnih i viskoznih ¢lanova u dinamickim jed-
nacinama. Sama HSMAC shema je u odredenoj meri
korigovana, kako bi se primenila na dvofazni prob-
lem strujanja [6]. Za proracun Rejnoldsovih napona,
koriscen je standardni k—e podeh turbulencije [7], Cije
su jedna-c¢ine dobro poznate, te se ovde ne navode.

C, = max[& (1 +0.15Re"™ ) §,
Re 3

Kod modeliranja visefaznog strujanja, konkretno kod
resavanja jednacina (1), (2) i (6), od izuzetnog znaca-
ja predstavlja diskretizacija konvektivnih ¢lanova u
smislu sprecavanja efekta numeri¢ke difuzije i nu-
merickih oscilacija. Zbog toga je u modelu koris¢ena
shema tre¢eg reda tacnosti, uz primenu TVD (Total
Variation Diminishing) limitera [6].

3 VALIDACIJA MODELA

3.1 Simulaciju eksperimenata sa konsantnim
utiskivanjem vazduha u dnu suda

Razvijeni model je najpre primenjen za simulaciju la-
boratorijskih eksperimenata iz literature [8, 9], u koji-
ma je vazduh utiskivan u rezervoar dimenzija 200 x
50 x 8 cm. Rezervoar je prethodno ispunjen vodom,
pri ¢emu je nivo vode variran za razli¢ite eksperimen-
te. Raspored gasovite faze je vizuelno osmatran to-
kom eksperimenta, uz merenje brzine vode po sred-
njoj vertikalnoj ravni (4 cm od zida), sa medusobnim
rastojanjem mernih tac¢aka od 10, odnosno 20 cm.

Prva simulacija se odnosi na eksperiment u kome je
nivo vode u rezervoaru bio na 50 cm od dna rezervo-
ara, dok je na sredini dna rezervoara utiskivan vazduh
protokom od 1.0 L/min. U ovom slucaju, osmotreno
je formiranje jednog stacionarnog vrtloga, po cijem
obodu se formira tok vazduha ka povrsini.

Slika 1 prikazuje poredenje formirane vazdusnu stru-
je, osmotrenu eksperimentom i dobijenu simulaci-
jom. Moze se videti da je na pocetku vazdusne stru-
je dobijena nesto Sira zona strujanja vazduha, $to se
moze objasniti krupnijom diskretizacijom (domen
strujanja je podeljen na kocke sa stranicom duZzine 2
cm). Raspored izmerenih i sracunatih brzina vode je
prikazan na slici 2.

Eo

E0+4}(10)

Equations (1) - (10) are discretized by the finite volume
method, so that the vector and scalar sizes are defi-
ned on the sides and in the center of the control volu-
me, respectively. Calculation of pressure and velocity
values in each time step used HSMAC (Highly Simpli-
fied Marker and Cell) method [5], with application of
Adams-Bashforth scheme for time integration of con-
vective and viscous parts in the dynamic equations.
HSMAC scheme itself is to some extent corrected,
in order to implement the bubble flow problem [6].
Standard k—& poder model [7] was used for calcula-
tion of Reynolds voltage, with well known equations,
which are not listed here.

C, = lnax[ﬁ(l +0.15Re"™ ) §,
Re 3

For modeling of multi-phase flow, specifically at sol-
ving equations (1), (2) and (6), of great importance is
the discretization of convective arts in terms of pre-
venting the effect of numerical diffusion and nume-
rical oscillations. Therefore, the model used the third
order accuracy scheme, with application of TVD (To-
tal Variation Diminishing) limiters [6].

3 MODEL VALIDATION

3.1 Simulation of experiments with a con-
stant air injection into the water

The developed model is applied to simulate labora-
tory experiments from the literature [8, 9], where the
air is injected in the 200 x 50 x 8 cm reservoir. The re-
servoir was previously filled with water while the wa-
ter level varied for different experiments. Distribution
of gas phase is visually observed during the experi-
ment, with the measuring of water flow by high verti-
cal plane (4 cm from the wall), with a mutual distance
between measuring points of 10 and 20 cm.

The first simulation refers to an experiment in which
the water level in the reservoir was 50 cm from the
bottom, while the gas was injected from the center
of the reservoir bottom with air flow of 1.0 L/min. In
this case, the formation of a stationary vortex was ob-
served; with air flow forming on its rim streaming to
the surface.

Figure 1 shows a comparison of the formed air cu-
rrent, observed during the experiment and obtained
by simulation. Slightly wider zone of air flow can be
seen at the beginning of air current, which can be
explained with larger discretization (flow domain is
divided into cubes with side length of 2 cm). Distri-
bution of measured and calculated water velocities is
shown in Figure 2.



Slika 1. Poredenje osmotrenog i simulira- i . T
nog rasporeda vazdusne struje pri proto- . —
ku od 1 L/min: a) eksperiment (Borchers et -c;_:-_
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Figure 1 Comparison of observed and si- —
mulated air flow distribution of 1 L/min: a) _-E
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Slika 3. Poredenje osmotrene i modelirane

strujne slike pri protoku vazduha od 2 L/
min: a) izmereni raspored brzina (Borchers
etal., 1999), b) simulacija.

Figure 3 Comparison of observed and mo-
deled air flow current of 2 L/min: a) mea-
sured velocity distribution (Borchers et al.,
1999), b) simulation.
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Sli¢na strujna slika je dobijena i kod protoka vazduha
od 2 L/min, 3to je prikazano na slici 3. Generalno, do-
bijeno je dobro slaganje eksperimentalnih i simulira-
nih veli¢ina. Pri tome, treba imati u vidu da prilikom
simulacije nije bila poznata pocetna veli¢ina mehuri-
¢a, vec je usvojena konstantna vrednost, $to svakako
ne odgo-vara eksperimentalnim uslovima.

3.2 Simulaciju eksperimenata sa merenjem
promene koncentracije kiseonika

Kao Sto je ranije napomenuto, prikazani model je
razvijen u okviru istrazivanja mogucnosti primene
elektrolize za poboljsanje kvaliteta vodnih tela [10].
Istrazivanja su obuhvatila niz laboratorijskih opita
(Shinshu University, Matsumoto, Japan), kao i teren-
skih istraZivanja na Biwa jezeru u Japanu. Odredeni
rezultati ovih ispitivanja su iskoris¢eni za validaciju
razvijenog modela, od kojih se pojedini prikazuju u
nastavku.

Laboratorijski opit se sastoji od posude zapremine

Similar air flow current is obtained with air flow of 2 L/
min, as it is shown in Figure 3. In general, a good agre-
ement of experimental and simulated values was ob-
tained. Besides, one should bear in mind that during
the simulation initial size of bubbles was not known,
but a constant value was adopted, which certainly
does not correspond to experimental conditions.

3.2 Simulation of experiments with measu-
ring of changes in oxygen concentration

As previously mentioned, displayed model was de-
veloped within the research of possibilities for appli-
cation of electrolysis for improvement of water body
quality [10]. Research has included a series of labo-
ratory experiments (Shinshu University, Matsumoto,
Japan), and field research on Lake Biwa in Japan. The
results of these tests are used to validate the develo-
ped model, some of which are shown below.

The laboratory experiment consists of a reservoir, wi-
th volume of 90.6 L and 6 pairs of metal (platinum)




90,6 L, na ¢ijem dnu se nalazi 6 parova metalnih ploca
(platina) kroz kroje se propusta struja jacine 2.3A. Pre
pocet-ka eksperimenta, hemijskim putem je sman-
jena koncentracija rastvorenog kiseonika, tako da je
pocetna koncentracija rastvorenog kiseonika bliska
nuli. Osim $to je osma-tran raspored gasovite faze
u vodi vizuelno, merena je i promena koncentracije
rastvo-renog kiseonika u tri tacke duz vertikalne ose
koja prolazi kroz centar osnove suda. Merne tacke su
se nalazile na 25, 35 i 45 cm od dna suda.

Za numeri¢ku simulaciju domen je izdeljen na ele-
mente 5 X 5.CM U OSNOVi i sa promenjivom visinom,
od 1,2 cm do 5 cm. Na 7,5 cm od dna suda, zadat je
fluks me-huri¢a kiseonika i vodonika konstantnog
pre¢nika od 0.1 mm. Fluks kiseonika je sra-Cunat na
osnovu Faradej-ovog zakona:

24.8L / mol-2.34

4-96485A4s / mol

Sto pri pritisku od 1.05 atm daje 8.46 x 103 L/min.
Usvojeno je da je fluks vodonika jednak dvostrukoj
vrednosti za kiseonik. U cilju simulacije rasporeda
koncentracije kiseonike, pored navedenog sistema
jednacina, neophodno je resavati i jednacinu konti-
nuiteta za rastvoreni kiseonik u vodi:

Ao, DO}+

or

=0.148-107L /s, (11)

L
ox.

5 3 DO
Ai(u__,_DOI"“_;):i[u___ﬂ < OJ+G,,_‘,_ (12)
c, cx, :

gde je D, koeficijent disperzije za kiseonik. Postup-
kom elektrolize oslobada se kiseonik i vodonik u mo-
larnom odnosu 1:2. Obzirom da tokom eksperimenta
vodonik nije odstranjivan, neophodno je resavati jed-
nacinu (6) za svaki element zasebno.

Odmah po startovanju, formira se struja mehurica
povlaci vodu sa sobom $to uzrokuje vertikalnu cir-
kulaciju vode, a time i koncentraciju gasovite struje u
sredini suda, gledano u osnovi (Slika 4). Vektori brzi-
na u nekoliko horizontalnih ravni, kao i na samoj po-
vrsini vode su prikazani na slici 5.

plates located on the bottom, used for electrisation
(2.3A). Before the start of the experiment, the concen-
tration of dissolved oxygen is chemically reduced,
so the initial concentration of dissolved oxygen is
close to zero. Beside visual observation of gas phase
distribution, changes in the concentration of dissol-
ved oxygen were also measured, in three spots along
the vertical axis that passes through the center of the
reservoir. Measurement spots were located at 25, 35
and 45 cm from the bottom.

For numerical simulation domain is divided into 5 x
5 cm elements in the base and variable height from
1.2 cm to 5 cm. At 7.5 cm from the bottom, the flux of
oxygen and hydrogen bubbles with constant diame-
ter of 0.1 mm was given. Flux of oxygen is calculated
based on Faraday's Law:

248L/mol-2.34

4-96485A4s / mol

and for pressure of 1.05 atm gives 8.46 x 10 L/min. It
is adopted that the flux of hydrogen is equal to doub-
le value for oxygen. For the purpose of the simulation
of concentration distribution of oxygen, in addition
to the above equations, it is necessary to solve the
continuity equation for dissolved oxygen in water:

A ] = 3
MJF HL (@, DOV, )= g [a D, cDOj ‘G, (12)
(9 -

ot d, o,

=0.148-10°L /s ()

where D is dispersion coefficient for oxygen. Elec-
trolysis process releases oxygen and hydrogen in mo-
lar ratio 1:2. Considering that during the experiment,
hydrogen has not been removed, it is necessary to
solve equation (6) for each element separately.

Immediately after startup, the current of bubbles is
being formed which drags the water with it, causing
vertical circulation of water, and thus the concentra-
tion of gas stream in the middle of the reservoir; ob-
serving the bottom (Figure 4). Velocity vectors in a
horizontal sections and on the surface of water are

shown in Figure 5.

Slika 4: Eksperimentalna instalacija za promenu koncentracije kiseonika u vodi u Figure 6 shows the compari-

toku procesa elektrolize.

Figure 4: Experimental installation for changing the concentration of oxygen in
the water during the process of electrolysis.

son of measured and calculated
changes in oxygen concentra-
tion at 45 cm from the bottom
of the reservoir. Initial measured
concentrations of oxygen were
omg/Lat25cm, 0318 mg/Lat
35cmand 0.746 mg /L at 45 cm
from the bottom. Immediately
after start, the measured values
at 35 and 45 cm showed a very
rapid increase in concentrati-
ons of about 3to 4 mg / L. As
can be seen in the diagram, this
rapid increase in the concentra-
tion of oxygen in the opening
minutes of the experiment, are
not well reproduced by the mo-
del, while the later matches are



Slika 5. Sracunati profili sadrza- g gs mis
ja gasovite faze i vektori brzina, 7
1min. nakon pocetka eksperimen-
ta: a) vektori brzina u horizontal-
nim presecima (razlicite boje oz-
nacavaju sadrZaj gasovite faze), b)
vektori brzina na povrsini vode.
Figure 5 Calculated profiles of gas
phase content and velocity vec-
tors, 1min. after the start of the
experiment: a) velocity vectors in
horizontal sections (different co-
lors indicate the content of gase-
ous phase), b) velocity vectors on
the water surface.

a |

0‘ —

= 0.4

(w) 2z

}’I( 53-“ o
A2 T

Slika 6. Poredenje izmerenih i si-

X

45¢m - Measured
45¢m - Simulated

muliranih koncentracija kiseonika
na 45 cm od dna suda r
Figure 6 Comparison of measured "
and simulated oxygen concen- 12
trations at 45 cm from the vessel
bottom ,.\10
2
28
Slika 6 prikazuje poredenje me- £
renih i sracunatim promena kon- ~ Q ¢
centracija kiseonika na 45 cm od a
dna suda. Inicijalne izmerene 4
koncentracije kiseonika su bile i
o mg/L na 25 cm, 0,318 mg/L na 5
35 cm i 0,746 mg/L na 45 cm od
dna. Neposredno po startovan- 0

ju, izmerene vrednosti na 35 i 45
c¢m su pokazale vrlo brzo pove-
¢anje koncentracije na oko 3 do
4 mg/L. Kao $to se moze videti na dijagramu, ovo brzo
povecanje koncentracije kiseonika u pocetnim minuti-
ma eksperimenta, model nije dobro reprodukovao, dok
su kasnije slaganja vrlo dobra. Pretpostavka je da jedna-
¢ina (5), odnosno vrednost koeficijenta transfera nije od-
govarajuca za niske vrednosti koncentracije kiseonika.

4 ZAKLJUCAK

U okviru prikazanih istrazivanja razvijen je 3D nume-
ricki model za simulaciju dvofaznog strujanja vode i
vazduja, koji se moze primeniti kod modeliranja raz-
licitih hidrauli¢kih problema. U ovom radu prikazano
je nekoliko rezultata procesa validacije modela, kroz
simulacije laboratorijskih eksperimenata iz literature,
kao i sprovedenih eksperimenata u okviru istrazivan-
ja efekata elektrolize na povecanje koncentracija ra-
stvo-renog kiseonika u vodi.

Obzirom na kompleksnost modeliranog procesa, kao
i niza usvojenih pretpostavki, moze se konstatovati
da razvijeni model moze da reprodukuje dvofazno
tecenje vode i gasovite faze, kao i proces rastvaranja
komponenti gasovite faze u vodi.

Time (min) 1°
very good. The assumption is that equation (5), or the
value of transfer coefficient is not appropriate for low
values of oxygen concentration.

g a8
10°

4 CONCLUSION

In the presented study a numerical model has been
developed for simulation of bubble flow, which can
be applied for modeling of various hydraulic prob-
lems. This paper presents several results of a model
validation process, through simulations of laboratory
experiments from the literature, and experiments
conducted in the study of effects of electrolysis for
increase of the dissolved oxygen concentration in the
water.

Considering the complexity of modelled process,
and adoption of a series of assumptions, it can be
concluded that the developed model can reprodu-
ce two phase flow of water and gas phases, and the
dissolving process of the gas components in the wa-
ter.
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