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Abstract. The state of two-phase flow ‘liquid-gas’ has been modeled numerically by the three-dimensional method of
complex research of heat and mass transfer. This allows examining the interaction of some transfer processes in a
natural cooling basin (the Driksiai lake): the wind power and direction, variable water density, the coefficient of heat
conduction and heat transfer of the water-air interface. Combined effect of these natural actions determines the heat
amount that the basin is able to dissipate to the surrounding atmospheric media in thermal equilibrium (without changes
in the mean water temperature).

This paper presents a number of the most widely used expressions for the coefficients of vertical and horizontal heat
transfer. On the basis of stream velocity and mean temperature profiles measured in the cooling pond as well as on that
of their time variations suggestions are made that the mixing rate at the water surface is caused by natural space — time
variation of the wind, and can be described by the value of eddy viscosity coefficient — 1 m?/s (numerical modeling
with 0,9-1,3 m?%/s). The wind influences the surface of the lake according to the experimental data, i € 1-3 % of the
mean wind velocity. The model applies to the weakly wind, approximately 1-5 m/s of the mean wind velocity.

Comparison of experimental and numerical results showed a qualitative agreement. For a better quantitative approxi-
mation, it is necessary to have more boundary conditions variable with time and to solve unsteady set equations for
transfer processes.

Keywords: hydrodynamics, Computational Fluid Dynamics (CFD), numerical simulation, three-dimensional processes,
two-phase flows, lake as a cooler, mass and heat exchange.

1. Introduction

Hydrothermal processes in a cooling pond are de-
termined by the heat-and-mass exchanger at the water-
air interface, together with thermal processes inside the
water volume of the pond. Inverse relations are observed
between the two sets of processes, as the surface tem-
perature determines the intensity of cooling, and this
influences the temperature field of the pond together with
the conditions of stratification’s different densities of the
streams, and turbulent transfer [1].

The success of a mathematical simulation based on
general relations of transport may depend on a correct
problem-stating on the basis of a correct choise of ad-
equate initial conditions. The most important conditions
for both remote regions and the whole cooling pond are:
heat transfer to the atmosphere, the parameters of turbu-
lence, heat balance, that is loss and increase of heat.

The former terms are found from convection, turbulent
heat transfer, evaporation and inverse radiation in a long-
wave spectrum. An increase of heat occurs whenever a
volume of heated water is discharged by a thermal or
nuclear power plant as well as from solar and atmo-
spheric radiation [1, 2].

The aim of this paper is by applying CFD codes
[3] to present a simulation of a two-phase mathematical
model of hydrothermal processes in a cooling pond, in-
cluding the effects of three-dimensional (3D) structure
features of the transport, power and direction of the wind,
temperature-dependent water density, and heat conduc-
tion at the water-air interface.

2. Solution techniques and governing equations

2.1. Equations. In a general approach with recircu-
lation of streams and heat transfer, the problem is solved
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as the 3D set of the Navier-Stokes equations and energy
equation for a two-phase theoretical model. A general
expression is [3, 4]:

diV(riPiviq)i _rirqngradq)i):risq)i, (1)

where 7, — volume part of phase i; p; — density of phase
i, kg/m?; ®, — dependent variable of phase i: 1 — for
continuity equation, U, V, W — for impulse in directions

x, y and z, m/s; H for enthalpy; V, — velocity vector of

phase i; I'y, — exchange coefficient of variable ®; S, —

source term in the flow for variable ®@. The set of (1)

consist of differential equations with partial derivatives

of Navier-Stokes and heat transfer, and are solved by the
technique of finite volumes with specific boundary con-

ditions [3, 4].

The real properties of water will be implemented
for accounting the existent links between its density, heat
capacity, thermal conductivity, etc, and the temperature
(water in liquid state). This linking and establishment of
conditions that simulates the action of gravity will es-
tablish conditions for possible formation of a natural
convection phenomenon and buoyancy forces.

The program codes used evaluate the density of
water as a function of temperature ¢ [5]:

p = (999,83952 + 16,945176 t — 7,9870401 - 1073 £~ —
46,170461 - 10°° £ + 105,56302 - 107 ¢4 —
280,54253 - 10712 £)/(1 +16,879850 - 1073 1), (2)

where p — density, kg/m3, ¢ — water temperature °C. The

existence of a density gradient combined with a body
force as the gravity action may cause a buoyancy force
responsible of a free convection phenomenon which may

be important in the fluid motion. However, it will be a

good approximation to consider constant other water prop-

erties, as thermal conductivity or heat capacity, because
of a less effect of their respective gradients on the fluid
motion.

They simulate turbulent flows and laminar transient
flows with increased turbulence of a free flow. These
parameters are very important in the transfer processes
of a cooling pond.

When simulation includes the hypothesis of turbu-
lent viscosity, a simple viscosity factor is replaced in
transfer relations by an effective viscosity factor

Vi =V +V,, 3)

where v, — laminar and v,— turbulent viscosity, m?/s. For
flows of air of about 5 m/s, we used a constant factor of
turbulent viscosity of 6,7, as in [4].

In our computation we divided the range of inte-
gration by a normal line. One of the parts contained 9
horizontal layers in the volume of water and was in-
tended for evaluating the geometry of the shoreline and
depth. The other part contained 9 horizontal layers in
the volume of air covered over-water flows of air and
land, that is velocity, direction and force of the wind
with the influence of the nearest relief. The parameters

of the pond, hot-water plume and cool water return must
be as close as possible to the actual values. In our study
we used the flow-rate of the hot-water discharge.

We present an analysis of the effect of a weak wind
(0-5 m/s) on the hydrothermal behaviour in the pond,
for constant values of turbulence in the air:

Ve =134xUoq| 4)

where U, is local velocity in the atmosphere and mass
transfer in water according to [3].

2.2. Interphase source term. The interphase source
con-tains the diffusive (e g, friction, heat transfer) and
convective (mass transfer) links between phases. It is
formulated in a general form as follows:

S]p: (fq,,,‘ + <mj[>) (¢,<"" - 4),) > (5)
where fw — interphase (diffusive) transfer coefficient, kg/
s; m. — net mass transfer rate between phases, kg/s; < -
maximum of 0,0 and the quantity enclosed; ¢, — value
of ¢ at the interface between phases, ¢, is a bulk phase
value of conserved variable ¢.

The unit of §), is (kg/s) % (unit of ¢), i e if ¢ is
velocity, m/s, the units of S, are Newtons and if ¢ is
enthalpy, J/kg, the units of S, are Watts. §,,, obviously,
appears in the equations for each of paired variables, 0,
and ¢,, i e:

S[P,lz(fq),l + <m,>) (9, - o)), (6)

S[P,zz(/ip,z +<m,>) (9, - 0,), @)

where my, = —m,,.

2.3. Interphase Friction. Ignoring the interphase
mass transfer, the interphase source term becomes:

Sip ~p X (v = v, ®)
where S, has units of Newton and f;, is now the inter-
phase drag coefficient between phases in units of Ns/m
or kg/s.

2.4. Interphase heat transfer. In many cases the
driving force is the temperature difference, and avail-
able heat transfer correlations are based upon it. By solv-
ing enthalpies //; and /1, and ignoring mass transfer the
interphase sources become:

Sy = hyy X Ag < (I,™ = T)) ,

Sip = hyy x Ag x (T)" = T)) , )
where /1, — bulkl-to-interface heat transfer coefficient,
W/mZK; h,, — bulk2-to-interface heat transfer coefficient,
W/m?K; 4~ total interface area, m?. The interface tem-
peratures 7, and T, can be eliminated via the over-
all heat transfer coefficient and bulk-to-bulk tempera-

ture difference as follows:

S, = 1 x4, x (T, - THI(1/C, - 1/C)),
where C, = h12 and C = h21.

The interphase transfer coefficient f, is taken to be

(10)
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harmonic average of the bulk-to-interface coefficients C,
and C,. Thus

fip=2/1010/C, - 1/C)) . (11)
In Phoenics programme two-phase mode, it is com-

mon to solve for enthalpy. A source is required in the
form:

Sy = hyp X Ag < (T, = T)) (12)
where &, — the heat transfer coefficient, W/m2K; 4 §—
total surface area of particulates, m?; the subscripts 1

and 2 refer to the first and other phase.

3. Results and consideration

A variable-step grid was constructed (Fig 1). It
covers only a certain part of the surface, and the range
of integration with respect to the normal covers a 10 m
layer of water and a 100 m layer of air, including the
nearest relief (with blocking cells).

In this case we evaluated the effect of the wind on
the hydrothermal behavior of the lake which comes into
play by the influence on the distribution of isotherms.
The technique of testing was applied from [2]. Evalua-
tion was made concerning temperature dependence on
water density according to experimental correlation (2),
water-air heat conduction and the resistance factor of
water. Transient equations for transfer processes are sim-
plified according to [6].

A numerical simulation of 33x23x18 grid system
consumes a lot of computer time, therefore, computa-
tion was suspended whenever a specific effect of the
wind became evident or similar to measurement data at
hot water discharge. A closer agreement was found for
the case of no wind [4, 7, 8]. Figs 2 a and 2 b present,
respectively, measurement and simulated results of iso-
therms for the 1 m/s southwest wind. Figs 3 a and 3 b
show respectively the water surface velocity vector dis-
tribution and wind horizontal vector field 0,25 m above
the water surface. Fig 4 presents the predicted move-
ment of water surface at a mean southwestern wind ve-
locity of 5 m/s.

For predicting the effect of the wind on the water
surface, we used a constant water heat transfer coeffi-
cient. Mixing of a hot and cool water in the lake is a
complicated process, and the wind makes it even more
complicated, as it introduces waves and variable depth.
Predictions cannot be in good agreement with the mea-
surement results because the wind blowing directions are
variable with time, and the actual hydrothermal state of
the pond is a continuously varying behavior. For this
reason a variable coefficient of water heat transfer must
be introduced into future predictions.

4. Conclusions

1. The earlier code of numerical elliptic equations
was used to construct a primary numerical model of
hydrothermal dynamics in the Driiksiai lake, in the re-
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Fig 1. Computational representation of the basin, inlet and
outlet velocity vectors (reference scale — 0,40 m/s)
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Fig 2. Temperarure distribution on the surface of the
Driiksiai lake for an average soutwestern wind velocity of
1 m/s: a — measured isotherms [2]; b — predicted iso-
therms. The air temperature is 23,9 °C
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Fig 3. Movement of fluids at a mean southeastern wind
velocity of 1 m/s: a — horizontal vector field in the air
zone of 0,25 m above water surface (vector reference scale
— 5 m/s); b — water surface velocity vectors (reference
scale — 0,2 m/s)
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Fig 4. Predicted movement of water surface at a mean
southwestern wind velocity of 5 m/s (reference scale —
0,25 m/s)

gion of the hot-water discharge. The CFD codes were
applied for the numerical solution of a two-phase 3D
mathematical model of the flow. The solutions can evalu-
ate the effect of the wind, temperature-dependent water
density, water-air heat conduction, water mass transfer
and the ground geometry.

2. Analysis of numerical solutions for the hydro-
thermal processes in the Driksiai lake and their com-
parison with the test points suggest the influence of the
wind, heat conduction from water to air, variable water
density, water mixing and partially that of the geometry
of the shore-line on the simulation results which are
qualitatively similar to those at the test points. To appro-
ximate prediction to the actual state, possible time-
dependent boundary conditions should be included.
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SILUMINES DISIPACIJOS NATURALIAME BASEINE
DVIFAZIS MODELIAVIMAS

P. Baltrénas, P. Vaitiekiinas, V. Katinas, A. Markevicius

Santrauka

Dvifazis matematinis modelis skystis-dujos taikomas
atliekant skaitinj trimaciy pernesimo procesy modeliavima. Nag-
rinéjama perne$imo procesams jtakos turinéiy veiksniy savei-
ka, ju itaka masés ir Silumos mainams natiiraliame baseine-au-
Sintuve: véjo stiprumas ir kryptis, pagal temperatiira kintantis
vandens tankis, $ilumos mainai su atmosfera, trinties ir $ilumos
mainy vandens ir oro skiriamajame pavirSiuje koeficientai.

Rastos ir pateikiamos vertikaliyjy ir horizontaliyjy turbu-
lentiniy mainy koeficienty priklausomybés. Remiantis sroviy ir
vidiniy temperatiiry profiliy matavimy duomenimis nustatyta,
kad vidutinio stiprumo nepastovus véjas sukelia vandens pavir-
Siuje mai§ymasi, kurj galima jvertinti 1 m?/s dydZio turbulenti-
niu klampiu (skaiiavimuose taikytas turbulentinis klampis —
0,9-1,3 m%s). V¢jo impulso jtaka vandens pavirsiui, pagal eks-
perimentinius duomenis, turi biiti 1-3 % vidutinio véjo greicio.
Matematinis modelis skirtas pernaSos procesams modeliuoti
esant 1-5 m/s vidutinio véjo grei¢iams. Palyginus eksperimen-
tiniy ir teoriniy tyrinéjimy rezultatus akivaizdus juy kokybinis
sutapimas. Kiekybinis rezultaty sutapimas biity tikslesnis turint
daugiau jvairiy veiksniy ribiniy laike kintamy salygy bei spren-
dziant nenuostoviasias pernasos lygtis.

Raktazodziai: hidrodinamika, skai¢iuojamoji fluidy dina-
mika, skaitinis modeliavimas, trimaciai procesai, dvifaziai srau-
tai, baseinas-auSintuvas, masés ir Silumos mainai.

JBYX®A3ZHOE MOJEJUPOBAHME TEILTIOBOMI
JUACCHUIIALIMA B HATYPAJIbHOM BACCEWMHE

I1. baarpenac, IlI. Baiitekynac, B. Karunac,
A. MapksBuYIoC

Pesmowme

JlByxdasHas MaTemaTndeckas MOICIb JHCUOKOCMb-2a3 UC-
MOJI30BaHA IS YHCIEHHOTO MOJIEIMPOBAHUS TPEXMEPHBIX
MIPOLIECCOB MEPEHOCa Macchl U Tema. Vcenemyercs B3auMOCBs3b
(axTOpOB, BIUAIOMINX Ha MPOIECCH IIEPEHOCA, NX BIMSHUAEC Ha
Macco- U TEIUI00OMEH B HATypajabHOM OacceiiHe-oXJaaurene,
CKOPOCTh M HAIlpaBJICHUE BETPa, MEpeMEHHasl BI3KOCTh BOJBI,
Tem000MeH ¢ armocdepoit, kKo3hHUIMEHTHI TPEHHS U TEIIo-
oOMeHa Ha TOBEpXHOCTH paszziena (das.

B crarpe MCHONB30BaHBI IMUPOKO MPHUMEHSIEMEIC BhIpa-
JKCHUS T BEPTUKAJIBHOTO U TOPH30HTAIFHOTO KOY()PHUINEHTOB
TermioooMena. Ha ocHoBe m3amepenuii npoduieil ycpeaHeHHOH
CKOPOCTH M TEMIIePaTypbl HaWICHO, YTO HECTAOWJIBHBIA BETEP
cpelHell CHIIbI TPOU3BOAMT MEPEMEIIMBAHUE BOJHOM TOBEpX-
HOCTH, KOTOPO€ MOKHO OIIGHUTH TYpOYJIICHTHOW BS3KOCTHIO B
1 M%*/c (upu MomenMpoBaHUM Hcmomb3oBaHo 0,9-1,3 m2/c).
BnusiHue uMmynbca BeTpa Ha BOASHYIO MOBEPXHOCTH COTJTIACHO
JKCIIEPUMEHTAJIHBIM JaHHBIM coctaBisier 1-3 % cpenneit
ckopocTtH Betpa. O0e MoIeny mpenHa3Ha4YeHbl Uil MOJCIHPO-
BaHUI IIPOLIECCOB MEPEHOCA PH YMEPEHHOM BETpE CO CpeaHeit
CKOpoCThIO B 1-5 M/c.

CpaBHEHHE TCOPETHICCKHUX M OKCIICPUMEHTAIBHBIX PE3yIlhb-
TaTOB IMOKA3aJl0 KaueCTBEHHOE WX coBHanenue. J{ist Gonee Tou-
HOTO KOJIMYECTBEHHOIO COBHAICHMS HEOOX0aMMO Hanu4uue 0ob-
IIEr0 KOJIMYECTBa IPAaHUYHBIX YCIOBHUI, M3MEHSIOIIUXCS BO Bpe-
MEHH, a TaKXe peIICHHEe HEeCTAlOHAPHBIX YpaBHEHHUI mepe-
HOCA.

KiroueBble cJioBa: THIPOJMHAMHKA, BBIUUCIUTEIbHAS
JIMHAMHKA JKHKOCTEH, YUCICHHOE MOJICIMPOBAHKE, TPEXMEPHbIE
HporeccHl, AByX(a3HbIil NOTOK, OacceH-0XIauTelb, MacCo- 1
TEIUIO0OMEH.





