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Abstract

Some years ago the authors suggested new fluids bubble boiling method (BBM) for modeling
vertical convection processes having place in the geospheres. Then they were developed in
our recent articles for artificial solutions and analyzed by means of T (t), AS (T), and T (p)
experimental curves for definition of admixture of the mass content density of any solution or
natural waters. In suggested article, luckily, were obtained optimal values of the liquid
volume, the heating intensity, and temperature measurement frequency at any solution
concentration allowed us, without waste of time and any trouble, to work out the original
method BBM for modeling of above mentioned geophysical convective motions in the
laboratory conditions and provide at that stage the planned experiments. Thus, it was
investigated: the regimes of heating, the first smallest air-vapour micro-bubbles (d =~ 70 cm),
then macro-bubbles (d ~ 2 - 10" cm) boiling before the end of experiments (T = Tpax = T >
100 °C). The experimental curves showed clearly the succession of the regimes: (1) thermal
(To =10 °C < T < Ty = 40 °C); (2) microscale bubbles (T < T1 = 40 °C); (3) macroscale
bubbles (T < T, = 80 °C); (4) intensive, in the form of some winding vertical bubble-chains
(80 °C < T < T3 = 100 °C); (5) bubble-projectile (T > Ts = 100 °C ). To the end of
experiments, mean value of loss of liquid mass was equal to about 10 % of the whole mass.
At last, it was constructed universal experimental curves, connecting the values of parameters
of the liquids at the points of the boiling regimes, changed and obtained three linear curves T
(t), 4S8 (1), and T (p), and sinusoidal AT (At) one for natural waters of Georgia and artificial
chemical matter solutions of any density at the points of the regime break.

Unlike the Nu-Ra case, our BBM allows to experimenter for short time to determine main
thermodynamic parameters, avoid technical difficulties of preparation, and carry out
measuring, especially near the breaking points of the regimes, and recommend it to
corresponding physical-chemical laboratories.

Keywords: vertical convection, incipience, one-dimensional, two-phase flow, temperature,
entropy, points of discontinuity, Archimedes force, bubble boiling, vapour, beaker.

Thermodynamic laws are empirical, therefore they

may be considered with different ways, which are
equivalent... It would be great mistake to be carried

away mathematics and forget about physics. Ryogo Kubo.
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Introduction

It is well known lots of scientific works devoted to the investigation of convective motions in
different geospheres such as thermals and convective clouds, thermal waters, gazers,
volcanos, many technical applications, sufficiently small scale geophysical phenomena, etc.
[1-28]. Our laboratory experiments provided earlier on the water solutions of NaCl, C¢H120s,
other matters of different concentrations, and some natural waters of Georgia showed some
new results [25-28]. The liquids bubble boiling method (BBM) have presented in the more
complete form. New results analyzed in the context of the entropy change regimes allowed us
to confirm their reliability. A work, as a priest gravity and Archimedes forces. The last part of
the article is dwelled on the optimal characteristics of the modelled system — natural waters
and artificial waters solutions — significant peculiarities of these simple models. One may say,
that even this simplest case of one-dimension vertical motion reveals a rich wealth of
considered phenomena.

Il. Laboratory experiments

(a) Here are obtained and analyzed results of systematic laboratory experiments on the
modeling of the wvertical convection process and independent investigations of the
thermodynamic parameters of the Georgian thermal waters by means of suggested original
method BBM. The experiments, carried out on a samples of natural waters, are following: the
spring of the Berebis Church (t. Tsalka); the Black Sea water (t. Anacklia); sulphuric waters
(lake Lisi, Thilisi); sulphuric waters (Bath-Houses, old Thbilisi); mineral waters (m/c
Kazbegi); spring waters of m. Mtatsminda Pantheon (over Cap.Thilisi) (according to the
annals data, sacred waters sprang in the Mtatsminda Pantheon, thanks to the urgent prayers of
the Pantheons priest, David Garejeli (VI a.Chr.))

Results of these experiments are illustrated in Figs. 1-5.

Fig. 1 shows thermodynamic picture of the Berebis Church drinking waters sample (t. Tsalka)
on the basis of our bubble boiling method.
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Fig. 1. A sample of the spring at the Berebis Church (t. Tsalka).
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Fig. 2. The Lake Lisi sulphuric waters sample (Thilisi)

Analogical result was obtained for the sulphuric waters sample of the old Thilisi range
(Abanoebis Ubani) by means of our bubble boiling method.
Results of constructions of dependence between the characteristics of studied natural waters at
the breaking (changes of boiling regimes, kink when takes place large-scale vertical convection)
points — the second kind discontinuities during the bubble boiling process (Figs. 1-5).

b. Special sample of well-known in Kakheti Region of Georgia, r/c Velistsikhe, a grapes juice —
badaghi — natural glucose of different values of density.
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Fig. 3. Kakheti, t. Velistsikhe, (badaghi — CsH;,0¢ solution): (a) — max density
of glucose; (b) — outlayed heat against the time of heating of badaghi solutions.

Fig. 3b shows the AQ(t) function for glucose water solutions of different densities. The points
of change of bubble boiling regime are indicated by the pair of pointers (1, 2, 3, 4, 5).
Experiments carried out by the bubble boiling method on artificial solutions and natural water
samples showed that measuring of some parameter change gives us sufficiently full and
precise information about the changes of heating and bubble boiling regimes values of
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respective bubble boiling temperature, density and other thermodynamic parameters of
investigated object.

For example, the water solutions of NaCl and a honey of the same density (p = 1.03 g/cm®)
have equal values both of all three measured values of parameters (T, p, t) and calculated
values of the entropy AS(T). Thus, the investigated fluid, having volume equal 300 ml, is
heated from below; the temperature is measured in time, T(t), beginning from initial value,
T(0), through all studies of formation of bubble boiling regime having fix the two by two
points of the second kind of discontinuities (“kink”, “break’), T1 and T, before achievement
of the last, most intensive bubble boiling, T3 = 100 °C. After detail analysis of the results of
these experiments we constructed two groups of the experimental curves, T(t), AS(T), and
T(p): (a) — concrete values, and (b) — for the points of the discontinuity. These experimental
curves have universal character. It is evident, that using suggested method, these universal
experimental curves, one can determine unknown values of the density, characteristics of each
stage of investigated liquids for modelling of vertical convection in nature: in the atmosphere,
oceans, volcanoes, etc. It is necessary to note that investigation of this process, having great
scientific interest, may be qualified as independent significant problem. In this light, suggested
original simple and cheap method may recommend to physical and chemical laboratories.

I11. Construction of universal curves at discontinuities thermodynamic main parameters.
The (T, t), (AS, T), and (t, p) experimental curves of (for any samples of liquids) investigated
liquids helped us to obtain following results. (a) the temperature-time curves fix all points of
bubble boiling regime change (break / kink) which are between T = 40 °C (solution with
density p > 1.2 g/lem®) and T = 80 °C (clear water, p = 1 g/em®) (see Figs. 1-5); (b) the
entropy-temperature curves show only the latter point T = 80 °C; these curves, having make
the others round, grow linearly before the point T = 80 °C and then, bending to the right,
continue their grow to the T = 100 °C, but with diminishing rate (Figs. 1, 2, 5a).

Below, Fig. 4 represents the universal experimental curves connecting with each other the
main thermodynamic parameters points of the second kind of discontinuity (kink, break)
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Fig. 4. Universal curves of the parameters characterizing the change of bubble boiling
regimes:

@) — (T, ik ; (b) — (t, p )kink; 1— spring of r/c Tsalka(21.5 min); 2— Black Sea’s water, t.
Anaklia (17 min); 3 — sulphuric water of the Lisi Lake (14.5 min); 4 — sulphuric water
of Thilisi old region’s bath-houses (11 min); 5 — honey solution (7 min).

The data of parameters of investigated liquids, presented above in Fig. 4, illustrate linear
character of the functions (T, t) and (p, t) at the points of change of the bubble-boiling regime
(usually noted by terms: “kink” or “break”, or “discontinuity of the second kind”) for any
natural liquids or artificial solutions. Their corresponding empirical formulas have following :
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Tusa = To + of, To = 19°C, o = 2.8°C/min;
(P — 1)l +t/b=1, a =0.18 g/cm®, b=215°C. (1)

Repeated boiling experiments with artificial water solutions or natural waters shoe that
measured value of their any parameter (for example, Tink(tink)) gives us sufficiently right an
d precise information about bubble-boiling regime and unknown parameter (for example,
density, p) of studied liquids (natural/thermal/mineral waters).

For example, the water solutions of an edible salt (NaCl) and a honey (CgH;206) of the same
volumetric density (p = 1.03 g/cm®) on the curves Tyinc(pkink) and Tiin(tink) have the same
reading of experimentally measured values of three parameters (T, p, t) and calculated values
of entropy, ASkink(Tkink). Full picture give the control experiments on the specially prepared
samples of water solutions of a honey with following proportion ((1:2:3:4:5) g) / (300 g of
water) confirmed once more obtained earlier (Fig. 3 in [26]) conformity to natural laws (Tkink
Ipkink):

%Ooéll.o g/lem®; 70°C /1.02 glem®; 60°C /1.07 g/em?®; 50°C /1.08 g/cm®; 40°C /1.27 glcm®. (2)
Thus, suggested bubble boiling method allows us during ~ 50 min obtain a density,
temperature, entropy, intensity of heating any solution at the points of change of the thermal-
bubble-boiling regimes, respectively by means of the system experimental curves.

IV. Heating of fluids from below — fast straight absorption process.
Using equality of the heating flux through the bottom of the vessel

dQ = A (T — T)/8 Sdt, (3)

to the quantity of the heat dQ = mc dT, spent on the heating of the m mass of liquid, we
obtain the simple differential equation

A (T~ T)/5 Sdt = me dT, 4)

at the conditions:
t=0,T=Tpt=1, T=Tg (5)

where Ty is a temperature of the bottom of the chemical vessel, A — is the vessel’s material
thermal conductivity, 6 and S are the thickness and the square of the vessel’s bottom,
respectively; the temperature homogeneity at the whole bottom surface was achieved by means
of thin metallic plate between the vessel’s bottom and an electric stove. Analytical solution of
differential equation (4) is

T(t) =Ty + (To _ Tk) e (AS/3me)t . (6)

Formula (6) describes initial stage of heating of fluid as a solid body, where a heat
conductivity prevails over convection and, of course, latter is absent, a circumstance expressed
by means of an exponential multiplier of formula (6); the first and third addendums of equation
(4) consider as most important ones. Using numerical values of parameters given in (11), one
obtains for exponent:

AS/& mc=0.007 - 11.9/0.3 - 300 - 4.19 s*=7-107s'= 0. (6"
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Temperature of liquid achieves the point T = T = 100°C. This is a process of heating of liquid
modelled by means of criterions of similarity Fo and Pe, and in case of its boiling — with Nu
and Ra, [9, 15-18]. Here we note, that construction of experimental curves (T, t)ink, (AS,
Tkink, and (T, p)kink allowed us to obtain some new results on the physical properties of the
investigated fluids (natural waters, sea water, artificial solutions etc.). They are following:
changing of regimes (at the surface of beaker’s bottom T ~ 108 °C) — over the bottom of
beaker thermals (20 °C), microscale bubble boiling (40 °C), macroscale bubble boiling (80 °C),
intensivg heavy turbulent in form of vertical bubbles pillars (100 °C), saturated vaporization
(100, 8 C).

V. Loss of heat by fluid — slow reverse process. Let us consider heat conduction, Q, through
lateral cylindrical wall of a beaker
T-T,

Q=r—"D (")

where L is coefficient of heat conduction of beaker’s lateral wall; d — thickness of beaker’s
lateral wall; D — square of beaker’s lateral wall; T — temperature of beaker-liquid system); T,
— temperature of laboratory air (constant during experiment at open window).

In more concrete, Fourier law, form, of beaker’s

Q =7»(3—-[ 2nRh, (8)

where dT/dr is temperature gradient in cylindrical wall of the beaker; R is a radius of the
beaker’s circle bottom; h is thickness of liquid’s layer in a beaker.
Consider two cases of boundary conditions:

(a)dT/dr<0, (T<Ta)
dT
Qi=mc AT + AmL + XW 2nRh + MC'AT; (9)

(b) dT /dr =0 (cylindrical wall is isolated),
Q2 =mc AT + Am L + Mc'AT, (10)

where M is the mass of the glass; ¢'=0.779 ]/ (g - K) is the glass heat capacity; usual glass A1
=0.7J/(m-s*K)=0.007J/(cm - s - K); quartz glass A, = 1.36 J / (m - s+ K) = 0.0136 J/ (cm
-5+ K); AT=90°C; d=0.3cm; S = 7R* = 37.37 cm?, h =8 cm, m = 300 g; Am =30 g; Rbor =
3.45cm;p=1g/cm’ c=1cal/g-K=4.19]/(g-K); L=2.25101/g; Wo =103 J /s,
Woot =47 J/s. (11)

VI a. Peculiarity of behavior of the liquid temperature under their heating at different
intensity.

Changing rates of liquids heating process we determined relation between scales of
parameters of studied liquids — time intervals (At); temperature interval (AT); mass of liquid
(Am); form and size of beaker (cylinder, AV); interval of solution density (Ap); intensity of
heating (q). Obtained values are following: At = 5 min; AT = 5 °C; Am = 300 g; AV = 10°
cm®; Ap = (1+1.2) gem®; q =47 Js™.
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Fig. 5. (a) — entropy-temperature dependence, AS (T); (b) — temperature-
time, AT (t), dependence at the heating intensity, respectively: g = 35 J/s
(low branch), g = 47 J/s (intermediate branch), and q = 75 J/s (upper branch);
(b) — the sinusoidal temperature-time dependence AT (t), obtained for every
successive time interval At =5 min, at the intensity of heating q = 47 J/s).

The empirical formula of the temperature-time dependence, T (t), for the r/c Tsalka natural
thermal waters sample has following sinusoidal form:

T(®)emp = To+ (To =To) (t/7) A sin 2n(t/r), (12)

where A = 2 °K and t© = 35 min are the mean value of the amplitude and the period of
sinusoidal change of temperature, respectively; To and Ty, are the initial temperature and the
point of boiling of liquid, respectively.

It was possible to measure the average temperature during providing of experiment with an
accuracy to + 1 °C by using of both optimal quantity mass of solution and time interval of
measuring. The latter was in following: the mass of a liquid was approximated to the m = 300
g = 300 ml which boiled between 40 min with intensity, water and time interval about nine
points between laboratory temperature To = 10 °C and then as initial constant one before
beginning of every experiment (by using refrigerator). As it is was shown in this work, whole
process of thermodynamic state of liquids, heating from below, is characterized,
quantitatively, and, as well as qualitatively, by temperatures To = 10 °C, Ty wink = 40 °C, T in
=80 °C, Ty = 100 °C, Ty, and Tup — overheating of fluid at the rigid bottom of the vessel and
free upper surface of liquid, respectively.

Fig. 1A shows that the curves: (a) AS (T), and sinus (b) AT (At), reveal only one point of the
second kind of discontinuity (at 80 °C = 353 °K). Only the entropy displays effective growth
with temperature AS(T) (at different intensities of heating of liquid, q),

VI b. Energetic characteristics of liquids bubble-boiling process obtained in laboratory.

58



The Table 1 shows data obtained on the base of optimal values of parameters of the
thermodynamic system (samples of studied waters): q = 47 J — the intensity of an electrical
source; m = 300 g — the mass of a liquid; V =10° cm® — the volume of a beaker; AT = 5 °C; At
=5 min.

Table 1. Energetic characteristics of heating of clear thermal water from r/c Tsalka
(q=47Js, m=300g, V =10°cm®, AT = 5 °C, At = 5 min)

T,°C t, min Heat quality, Qp, J Share of Q,/Q, Q./Q, %
10 0 - - -
40 9 25320 25320/112800 22.5
80 21.5 35310 35310/112800 31.3
100 40 52170 52170/112800 46.2

VII. Fragments from discussion of known numerical modeling of large-scale convective
motions in atmosphere and ocean [22].

During intensive and heavy turbulent boiling part of liquid, the entropy curve increase shows
slowing-down to the end of experiment; that means that heat energy spends almost
completely for evaporation of liquid. The following quotations from article [22] as we think
would be very useful and relevant at discussion of results of our experiments: (1) Two general
expressions are derived for a rate of entropy production due to thermal and viscous dissipation
(turbulent dissipation) in a fluid system. It is shown with these expressions, that maximum
entropy production in the Earth’s climate systems suggested by Paltridge, as well as
maximum transport properties of heat or momentum in a turbulent system suggested by
Malkus and Busse, correspond to a state in which the rate of entropy production due to the
turbulent dissipation is at a maximum...For thermal convection of a fluid layer heated from
below (our case), Malkus (1954) suggested that the observed mean state represents a state of
maximum convective heat transport. For turbulent flow of a fluid layer under a simple
shear, Malkus (1956) and Busse (1970) suggested that the realized state corresponds to a
state with a maximum rate of momentum transport. (2) Two developments should be
mentioned here. One is a theoretical investigation of MEP (maximum entropy production)
based on statistical interpretation of entropy (Dewar, 2003). Information theory (Jaynes,
1957) showed that the most probable macroscopic steady state is one with MEP among all
other possible states, given the boundary conditions and mass and energy conservation laws.
This statistical approach will broaden the horizons between MEP and information theory
(Lorenz, 2002, 2003). It will also be a theoretical basis for the energetic explanation shown
above since the between the heat energy and the Kinetic energy is only of statistical
significance. That is, spontaneous conversion of the heat energy into the kinetic energy is in
principle possible, but is just extremely improbable. (3) Another development has been made
with numerical model simulations: (a) numerical experiments on Bénard-type experiments of
thermal convection in a rotating fluid system — obtaining a kink in the rate of entropy
production between two different convection regimes. One founded that irreversible
changes always occur in the direction of the increase of entropy production (see [22])
(compare with our experimental results, Figs. 1-5, !).
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VI11. Heating balance of the liquids’ bubble boiling process.

Defined more precisely with additional information, the method allow better understand both
the peculiarities of liquids bubble boiling kinetics and their regimes changing high rate:

(1) thermals (at To = 10 °C < T < T, = 40 °C); (2) microscale bubbles (at T < T; = 40 °C); (3)
macroscale bubbles (at T < T, = 80 °C); (4) intensive, in the form of some winding vertical
bubble-chains (80 °C < T < T3 = 100 °C) — wellknown in literature intermediate structure —
“bubbly-slug flow” [13] ; (5) bubble-projectile (T > T3 = 100 °C ), [13],

It is suggested improved defined more precisely simple laboratory method of definition of
admixture density of any fluids or water solutions. We can determine a degree of purity of
liquids using experimentally obtained universal curve Tyink(pkink) (See Fig. 3, [26, 25]), (lower
mark “kink” was used by Ozawa et al. [22]). Results of constructions of dependence between
the characteristics of natural waters or artificial solutions at the breaking points (changing of
boiling regimes) show a linear character of all experimental curves (T, t)xink, (AS, T)kink, (&,
p)kink- As a rule, the term “breaking” is used in thermodynamics and special literature (for
example, cited here, [5, 7, 10, 13, 19, 30, 31]), the authors of article [22] use term “kink” to
the change of large scale thermal convection regimes in atmosphere and in oceanic general
circulation, [32].

Latter data are in accordance with our modelling results (Figs. 1-5).
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friendly delivered to us by Mechanical engineer, Gocha Jamrishvili, (Mob.
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HccaenoBanue 0CHOBHBIX TCPMOIUHAMHUICCKHUX
HapaMmETpoOBIIPUPOAHBLIX BOJ pr3l/ll/l OPpUIHHAJIBbHBbIM
METOAOMITY3bIPbKOBOI'0 KHIICHUA KUTIKOCTH

A.HU. I'esecnann, H.I'. YnaOpumsuian

Pe3rome

[Tomy4yeHbl yHUBEpCaJbHAble SKCIIEPUMEHTANbHBIC KPHUBBIC JUIS OIPENEIICHUS IJIOTHOCTH
COJIepKaHUs TIPIMECH B JKHMIIKOCTH JIIOOOTO PacTBOpA WIIM €CTECTBEHHBIX TEPMAIIBHBIX BOJ
OpPUTHHAIBHBIM METOJIOM IY3bIPEKOBOTO KUTIEHHIX. [10JydeHbl ONTHMaIbHBIE COOTHOIICHHS
MEXIy 00BEMOM HCCIETyeMOW KHUIKOCTH W HMHTEHCHBHOCTBIO II0JIABAEMOTO TEIJIOBOTO
notoka.  KoHTponmpyeTrcst  mpoliecc  TMOSBICHHS  IY3BIPhKOB ~ OT  MeJbUYalIImx
(MuKpoMacmITaOHBIX) pa3MepoB, JUAMETPOM MOPSAJIKa 102 cm, 10 KpynHbix ~ 0,2 cM.
VYCTaHOBIIEHO TO-TIAPHOE CYIIECTBOBAaHMWE pPAa3phIBOB HEMPEPHIBHOCTH BTOPOTO poja B
untepsaie (40-80) °C. TlomyueHHsie sxcrepuMenTanbabie kpussie, T (p), T (1), and AS (T),
W JeTalbHbIC TaOIWIBl MAOT TOJHYI0 WH(POPMANHI0 O TUIOTHOCTH TEPMOIMHAMHUYECKOH
cucTeMbl M Jpyrux e€ xapaktepHbix mapamerpax. ITocie T(t) Bcrymaer B ponbs AS (T) B
YCTaHOBJICHUM MOMEHTOB CMEHBI PEKHMOB KUIICHHUS JKUIKOCTH, B 0COOCHHOCTH BO BTOPOI
MIOJIOBHHE TIpoIiecca OypHOTO ITYy3BIPHKOBOTO KHUITIEHHUS B BHJIE YCTOWYMBBIX M3BUBAIOIIMXCS
BEPTUKAIBHBIX 1[Il My3bIPHKOB Map-BO3/yX (BICUATIISIOMNX “My3bIPHKOBBIX NUIAHTOB™Y).
DKCIepUMEHTAIbHbIC KPUBBIC HArJISITHO OOHAPYXKHMBAIOT CMEHY pexumoB: (1) — pexum
cBOGOIHOH KoHBekuuH (Tepmukossiit, oT 0 °C 10 40 °C (2) — peskuM MenbyaiinX Ta30BbIX
my3bippkoB Tipu T < T; = 40 oc; (3) — KpyMHOMY3BIPHKOBBINA PEXHUM C SIPKO BBIPAKEHHBIM
uszomoMm T () u AS (T) kpusbix mpu T < T, = 80 °C; (4) — pexum GypHOrO KpymHO-
My3bIPPKOBOTOTO KUIEHUS B BUJAE psAla BEPTUKAIbHBIX IIENel, CTOJIOMKOB B WHTEpBaJe
TeMIeparyp 80°C - 100°C; (5) — pesxuM my3BIPHKOBO-CHAPSIIHOTO KureHus npu T3 = 100 oc;
(5) — pexxuM Mmy3BIpbKOBO-CHapsiiHOrO Kumenus mpu Tz = 100 °C: B CpeIHEM K KOHITY
skcrepuMeHTOB — ¢ 10 %-if  yObuIbIO Beel Macchl kuakoctu (Am 30 r.). ITocnemyromiue
pexumsbl: (6) — aucrniepcHslii U (7) — mapooOpa3oBaHus, HE BXOJWIN B MPOrPaMMy HACTOSIIIMX
HUCCIIEJOBAHUM.

MeTon 1O03BOJSET 33 KOPOTKOE BpeMsi JIOCTATOYHO TOYHO OMNPEICNIUTh IUIOTHOCTH,
TEeMIIepaTypy, SHTPOIHIO, HHTEHCUBHOCTh HarpeBa BOJHOIO pacTBOpa JHOOOTO BeElIeCTBa B
MEPEXO/IHBIX TOYKAX PEKUMOB KUIEHHs, o0oiTu Tpynoémkue noctpoeHuss Nu-Ra xpuBbix.
Hakonen, npocrota u AemeBru3Ha pa3pabOTaHHOTO METOJAA MO3BOJISIET PEKOMEHJ0BATh €ro
Pa3HOTO YpOBHS y4eOHBIM U HCCIEAOBATEIbCKUM (PU3UKO-XUMHUYECKUM J1A00OpaTOpUsM IS
03HAKOMJICHHUSI.
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