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Abstract

It is used method of fluid bubble boiling with purpose of laboratory modeling of thermo-
chemical convection in different geophysical mediums [1]. Preliminary experiments were
carrying out in the abovementioned work. Here was used more wide interval of solution
densities. Thanks to suggested method of bubble boiling for laboratory investigation of thermo-
chemical convection were defined more precisely before obtained results: differentiation of
solutions; generation layers with boundaries containing high concentration of accumulated
pollution; second kind discontinuity of temperature-time dependence in the point of
infinitesimal air bubbles formation, after which the straight line character of it turns into like
parabolic one before achievement the bubble boiling point.

1. Introduction

In this report, on the base of the experimental complex — Thermobarochamber of Mikheil
Nodia Institute of Geophysics — for the first time it is obtained new results on modeling of
thermals origin and following formation of cumulus clouds in the atmosphere and other
geophysical fluids, convective motions giving rise mantle plumes, volcanoes, thermal waters
etc. Investigation of these thermo-chemical convective motions, connected with extraordinary
phenomena of nature (thunderstorms, hailstorms, volcanoes, relative motion of plates,
earthquakes etc.), is one of the most actual scientific and socioeconomic problems. Difficulties
of numerous experimental, numerical, and theoretical studies of these processes have led
scientists to the necessity of carrying of corresponding laboratory experiments [1]. Here was
used wide interval of solution density; thanks to suggested method of bubble boiling for
laboratory investigation of thermo-chemical convection between existing layers were obtained
intermediate layers with high concentration of accumulated pollution; discovery of second kind
discontinuity of temperature-time dependence at the point T () of intensive infinitesimal air

bubbles formation till the point T, (t) of solution bubble boiling (note, that function T(t) in
interval T,(t) - Ty (t)is linear, and in T, (t)-T,, (t)is parabolic). All authors unanimously declared

that appeal to the laboratory experiment is only right way for successful solution of the difficulties
connected with this problem [1-10].

2. Scheme of device and characteristics of thermodynamic system
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There are provided and analyzed results of joint laboratory experiments by method of fluid
bubbly boiling in modeling of the process of thermals formation in different geophysical
environment, in particular, of cumulus clouds, differentiation of under-cloud /over-cloud ranges etc.

Below, Fig. 1 shows the scheme of device for modeling of vertical one-dimensional two-phase
thermal motion.
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Fig. 1. Scheme of the experimental device: 1 — electrical heater;
2 — laboratory auto-connected transformer; 3 — voltmeter;
4 — chemical retort; 5 — glucose solution; 6 — thermometer.
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Fig. 1 shows the minimum of necessary instruments to conduct experiments with high accuracy
and completeness of information about all parameters of the system. Although, this scheme is very
simple, however, as proved during careful and repeated experiments, we establish some important
phenomena accompanying boiling process (reflected partly in the figures and tables).

I11. Bubble-boiling method: Preliminary experimental results

In chemical retort, firstly, clear water (at initial temperature 10°C, density po = 1.00 g/cm®) was
used as object of investigation, and then — series of glucose solution with following values of
density: p; = 1.04 glem®, p, = 1.08 g/cm?, ps = 1.13 glem®, ps = 1.18 g/cm?, ps = 1.23 glem®, pg =
1.29 glcm?®, p7 = 1.35 glem?®, pg = 1.41 glem®, po = 1.47 glem®.

Fig. 2 shows graphical dependence of temperature water (in °C) on time (in min.). It is evident
two stages in the processes of heating both clear water and considered glucose solutions. One can
see as straight lines in case of clear water, po = 1.00 g/cm?, just at temperature Ty = 80°C (Fig. 2a),

and glucose solution of maximal density, ps = 1.47 g/cm®, at temperature Ty = 40°C (Frig. 2b),
undergo discontinuity of second kind, respectively. Shaded sectors show the degree of curves
deviation from linearity, respectively. These two points of discontinuity, Ty, are joined by straight
line in Figs. 2a, b.

Table 1 contents results of measurements of temperature changing with time beginning heating
of clear water (po = 1.0 g/cm®) and glucose solution (pg = 1.47 g/cm®) from T = 10° C to the point of
boiling T = 100° C. Difference is evident: in intervals of temperature AT = (10 -50)° C (first five
cases of measuring) time of clear water heating is twice more than in case of glucose
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Fig. 2. Temperature-time dependence of fluid heated below: (a) — clear water
(po = 1.0 g/cm®); (b) — glucose solution (py = 1.47 g/cm?).

solution maximal density; then the values of these times approaches to each other, nevertheless, the
difference between them remains and equals to At =5 min at the boiling temperature T = 100° C. In
the same relations are the quantity of clear water and the solution heat, respectively. Here also in the
first five cases Q of the clear water twice more then Q of the glucose solution, these values
approach to each other still the boiling point T = 100° C, where difference between them equals to
AQ =4500 cal.

Table 1. Dependence of temperature interval of clear water and glucose
solution of maximal density on time and intensity of heating.

Clear water, Glucose solution,
po = 1.0 g/em® po = 1.47 g/cm®
Tempera | Time Heat | Tempera | Time Heat
Ne |tureT°C |t,min| Q,cal |tureT°C |t min| Q,cal
S
0 10 0 0 10 0 0
1 20 4 3600 20 2 1800
2 30 8 7200 30 4 3600
3 40 13 11700 40 6 5400
4 50 17 15300 50 9 8100
5 60 22 19800 60 14 12600
6 70 26 23400 70 18 16200
7 80 31 27900 80 24 21600
8 90 37 33300 90 30 27000
9 100 45 40500 100 40 36000

All 10 points of above mentioned solution densities represent in Fig. 3. It is well seen smooth
passage of the curve from point to point before the point s = 6 (i.e. ps = 1.29 g/cm?®), after which the
temperatures of discontinuity (Tqc), for last four values of density of sugar solution (ps = 1.29 glem®,
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p7 = 1.35 g/lem®, pg = 1.41 g/lcm?, and py = 1.47 g/cm®), coincide (Tges = Tde7 = Tdc,s = Tqc, o) and
equal to 40° C.
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Fig. 3. Temperature of discontinuity, Ty, dependence on
the density of clear water (pg=1.0 g/cm®) and densities
of glucose solution (ps, glem®), (s = 1,2, ..., 9).

Fig. 4 and 5 shows the maximal difference between clear water and glucose solution of density
Pg = 1.47 g/lcm®,
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Fig. 4. Temperature dependence of glucose solution heated below
upon heating flux: (a)— clear water (pg = 1.0 glem®); (b) —
glucose solution (pg = 1.47 g/lcm®); (circles denote temperatures
of discontinuity, Tqc(t), corresponding to ps, (§=0,1,2,...,9).
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Fig. 5. Temperature-time and heat flux-time dependence at fixed density
of solution p; (solid lines): (a) corresponds to clear water (s =0, pg =

1.0 g/cm®); (b) — to maximal density of glucose solution (s =9, po=1.47
glem®); (c) -T,. (t) temperature of discontinuity corresponds, including

clear water, to all values of density, ps, (S=0, 1, 2,...,9), (dashed line).

Table 2. Dependence of clear water and glucose solutions entropy for 10°C
of temperature intervals on the density, ps, of solution.

Density of Intervals of temperature, AT, °C
Ne solution, | 40-50 | 50-60 | 60-70 | 70- | 80-90 | 90-100
S Ps: 80
g/cm Entropy, AS = AQ /T, cal / °C

0 1.0 630 900
1 1.04 450 | 585 810
2 1.08 495 495 | 630 720
3 1.13 405 504 | 675 900
4 1.18 360 405 450 | 580 900
5 1.23 360 405 450 | 630 900
6 1.29 360 360 360 450 | 640 900
7 1.35 270 270 370 450 | 675 900
8 1.41 360 360 60 450 | 630 900
9 1.47 315 360 405 450 | 540 900

Below, by construction of Fig. 6 we wish to sum up results of our preliminary experiments on
modeling of convection process which are in any liquid and gaseous geophysical environment or, in
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short, to describe whole process of heating and boiling glucose solution from beginning to the end.
As concerns Table 3, it adds the data of Tables 1- 2 and Figs. 2-5, too.
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Fig. 6. Entropy-temperature graphic dependence of glucose solution
with density pg = 1.47 g/cm®using AT = 10°C intervals. Dashed line
shows deviation of the solid line from linearity after point (40-50, 0.8).

The graphic dependence between the entropy increase (AS = AQ/T) and selected from ((10-
100) °C) range 10°C-step temperature intervals is represented in Fig. 6.

Temperature intervals (10-20, ...) along the abscissa axis correspond to the respective
temperatures of discontinuity. Detailed analysis of the entropy growth dependence on temperature
of the glucose solution with density pg = 1.47 g/cm® shows that the value of entropy is indicator of
system’s state at transfer from one condition to the following one. At that moment, corresponding to
the temperature of discontinuity, Ty , the system (solution) transfer from state of great number of
least vapour bubbles, slowly ascending thermal-plumes (first stage — bubbly flow) to the state of
bubble slug.

Table 3. Main heat characteristics of different density glucose solutions from
the beginning of heating the glucose solutions to the bubbly boiling process.

Ne | Temperature Entropy, AS = Correlation Correlation
sol | intervals, T,°C | AQ/ T, kcal / °C | AS100°C/ AS2°C | AS100°C/ AS4°C
1 10-20 180 3600/ 180 =

2 20-30 360 =20

3 30-40 540 3600 / 540 =
4 40-50 810 =6.6

5 50-60 1260

6 60-70 1620

7 70-80 2115

8 80-90 2700

9 90-100 3600
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It is interesting to compare our results (Figs. 2-6 and Tables.) with Nukiyama’s Fig. 7.
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Fig. 7. Boiling of water at 100°C on the electrically heated
platinum wire. Maximal flux for bubbly boiling (Nukiyama (1934), see [3]).

g5 J.lf-m“'a,,,/c,,z

W W a3t

Comparison and analysis of our results on clear water and nine cases of sugar solution densities
(Figs. 2-6, Tables ), and Nukiyama’s (1934) ones (Fig.7) on only clear water, showed their
accordance with each other. In both cases heat fluxes was the same order (~ 2.0 W/cm?, in our case,
against 3.14 W/cm? of Nukiyama (1934)); moreover, the angles of deviation from linearity between
dashed and solid lines in Fig. 6 and between AB and BC parts of the curve of Fig. 7 are nearly the
same.

Fig. 8. Photographs of convective clouds with individual towers (Thilisi, Georgia).— by A. G.

Fig. 8 shows typical cumulus clouds over outskirts of Thilisi: it is well seen as cloud towers
visualize the atmospheric thermals — individual and groups of cloud towers; heat flux over the hilly
partly wooded territory (and in the winter sea) is about ~ 100 W/m? [7-9]; our modeling heat flux
equals to 2 W/cm?; Parameters of convective clouds are following: vertical middle velocities of—
about 3-5 m/sec, near the base of cloud dimensions.
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JIabopaTopHOE MOICTHPOBAHUE MPOIIecca TEPMUKOOOPA30BaAHUS
B aTMOoc(epe METOJOM My3bIPHKOBOTO KUTICHUS YKUIKOCTH

A. U. I'Benecuanu, H. I'. UnaGpumsunmy,
Pestome

B nmanHo# pabore Ha 0a3e komriuiekca TepmoOapokamepbl MHCTUTYTa T€O(pU3UKU BIIEPBBIC,
MCTOAOM 1IY3BIPBKOBOTO KHUIICHHA JKUAKOCTH, CTaBATCA W AHAJIU3UPYIOTCA COBMCCTHBLIC
AKCIEPUMEHTBl TIO0 MOJCIHUPOBAHUIO TEPMOXHMMHUYECKONH KOHBEKIIMHU, Tporiecca 00pa3oBaHUs
TEPMHUKOB B Pa3jMuYHbIX Ie0(QU3HMUECKUX CpelaX, B YaCTHOCTH, 00pa3oBaHMs Ky4eBbIX OOJIAKOB,
paccioeHusl moao0NayHol | oOyiayHOW cpen u mp. MccnenoBaHre KOHBEKTHBHBIX JIBUKCHUM,
CBSI3aHHBIX C OSKCTPAOPIWHAPHBIMHU SIBICHUSMH TPUPOABI (IITOPMBI, BYJIKAHBI, JBUKCHUE
TCKTOHUYCCKUX IIIMT, 3EMIICTPACCHUA U I[p) ABJIACTCA OAHUM M3 CaAMBIX AKTYAJIbHBIX HAYYHBIX H
COITMOPKOHOMHUYECKUX Tpo0ieM. TpymIHOCTH YHCICHHBIX OKCIEPUMEHTOB, YHCICHHBIX U
TEOPETUYECKUX MCCIICJOBAHUN OSTUX MPOLECCOB IMPHUBEIM YUYEHBIX MHpa K NPHU3HAHUIO
HEOOXOJMMOCTH  TMPOBEACHUS COOTBETCTBYIOUIMX JIA0OPATOPHBIX SKCIepuMeHTOB. [locnenHue
HMCIOT HE€ TOJIBKO HNPHUKIAAHOC, HO W CaMOCTOATCIBbHOC 3HAYCHHC. Hpe}IHO)KCHHI)IM METOAOM
My3bIPHKOBOTO KHUIIEHUS IS JIAOOPATOPHOTO MOJCITUPOBAHHS TEPMOXHUMHYCCKON KOHBEKIIUU ObLI
MOJIy4YeH Ps HOBBIX pe3yiabTaroB (See [1]). s mmpokoro auama3oHa IUIOTHOCTEHW pacTBOPOB B

XOZle KpPUBBIX 3aBUCHMOCTH Temieparypsl 1(t) u suTpomuu S(T) oOHapyKeHbl TOUKH pasphIBa
HeTpepBIBHOCTH BTOpoTo poja (B auamasone (40-80)° C), moce KOTOpOit KPUBbIE OTKIOHAIOTCS
OT HAYaJIBHOTO JIMHEHHOTO XO0Ja, M3TrMOAIOTCA M IMapaboIndecKW IPHOIIDKAIOTCA K TOYKe

xumenus 1000 C.
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