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ABSTRACT 

 
The paper consists own results of laboratory experiments, results of wellknown other works using by us for 

introduce corrections and interpretations of some of them proceed from common point of view. There are 

discussion and comparison all of them with each other, in the light of classical works. In the first part of the 

article, briefly, is given the original laboratory bubble boiling method for modeling (BBMM) of vertical 

convective motion of two phase homo- and heterogeneous fluids (Georgian natural waters were investigated. 

The rest part of paper is devoted to the studying of thermodynamic parameters of systems, studying in 

geophysics and other ranges of science, technology, metallurgy, physical chemistry. In particular, except 

above-mentioned water solution, there are considered phase transformation processing in the following 

way: crystal liquid vapour and in the opposite direction. Thus, it is obtained similarity between: (1) 

Van-der-Waals (P,V)-phase diagram, stress-strain diagram (σ/ϵ), modelling earthquakes, and reconstructed 

by us figures (MPa/porosity) and ( TCP ,1
)-reverse heat capacity-temperature diagram for glycerin, C3H8O3, 

and (h, E)-, dependence between depth of cosmic rays penetration into the Earth atmosphere and their 

energy; (2) space-time change of parameters  of cosmic rays, solar wind, F10.7 and ultra-violet radiation, and 

temperature-time change of nucleation of melted piperin, C17H19NO3, in glass-like crystal state, and sulfides, 

arsenides, sulfates; (3) change of number of sunspots, W, and geomagnetic activity, Pc , in time, 

reconstructed by us (here), are in a good agreement with (ΔT, t); (4) (BBMM) bubble-boiling method, may 

be used for modelling of vertical convection, first of all, in the geo- and solar atmosphere; theoretically is 

confirmed our conclusion about Van-der-Waals-type and Tammann-type thermodynamic phenomena in 

geophysical spheres, metallurgical and physico-chemical investigations. It is necessary to note that well 

known Tammann’s curve is not Gaussian one. 

 

 

Keywords: glass-like state, convection, thermodynamic system, phase, bubble boiling, nucleation, magma, 

volcano, cosmic rays, magnetic field, solar wind, sunspot, alloys, modelling.  

 

1.Introduction 

 
It is necessary to note that every review and last monographs, devoted to the geophysical problems are ended 

with words about urgent necessity of new experimental investigations all the more that thermodynamics first 

of all is experimental science. Vertical motion of the thermals in different geophysical spheres: in the 

atmosphere, oceans, mantle, Earth’s liquid core etc., caused by the Archimedes force in the gravity field is a 

general element of any scale of the fluid convective motion. Experimental modelling of this type convective 

flows is the most actual one in geophysical spheres, different physical-chemical and technical processes 

equally [1-47]. 
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Thermodynamic laws are empirical exceptionally, therefore they may be considered with using different 

ways, which, of course, are equivalen. It would be great mistake to be carried away the mathematics and 

forget about physics [15]. In this article, it is analyzed results of discussion some published important works 

and our investigation of thermodynamic parameters of natural waters of Georgia. Even this simplest case of 

vertical one-dimensional two-phase motion reveal a rich wealth of hydrodynamic regimes and phenomena. 

It is necessary to note that we did not discover any case of an infringement of the linear law of obtained 

original universal experimental curves (T, t), (ΔS, T), (t, ρ) and (T, ρ) of natural waters or artificial water 

solutions at the points of the second kind discontinuity. Thus, side by side well-known method of similarity 

and dimensional analysis, we have new original method, which effectively used in our work, and may be 

applied to investigation fluids convection in different geospheres: liquid core of the Earth, mantle plumes, 

magma of volcanoes, thermal and mineral waters, geysers, clouds and thermals in low atmosphere and 

upper one, cosmic rays, solar wind etc. 

 

2.Construction of original universal experimental curves. 

 

2.1. Fig. 1-5 show temperature-time dependences for natural waters: (1) spring of t. Tsalka (21.5 min), (2) 

the Black Sea, t. Anaklia (17 min), (3) sulphuric water of the Lake Lisi (14.5 min), (4) sulphuric waters of 

the old Tbilisi bath-houses (11 min); (5) honey water solution (7 min). In brackets given beginning of their 

bubble boiling moment. 

This time signed below as “dsc” – the second kind discontinuity of these curves. 

 

      1                                     2 

 
    3                                            4                                         5 

  
Fig. 1- 5. Experimental dependences (T, t) of heating of natural waters solution and water solution of honey 

of different density: (1) ρ = 1. 0 g/cm3, (2) ρ = 1. 02 g/cm3, (3) ρ = 1.07 g/cm3, (4) ρ = 1. 08 g/cm3; and (5) ρ 

= 1.27 g/cm3. 
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                                              (a)                                       (b)                                         (c) 

Fig. 6. Universal curves of the parameters characterizing the change of bubble boiling regimes: (T, t)dsc, (b) 

(ΔS, T)dsc, (c) (t, ρ )dsc; 1 - spring of t. Tsalka (21.5 min); 2 - the Black Sea water near t. Anaklia (17 min); 3 - 

sulphuric water of the Lake Lisi (14.5 min); 4 - sulphuric waters of the old Tbilisi bath-houses (11 min); 5 – 

water solution of honey (7 min). 

 

Dependences of investigated liquids thermodynamic characteristics in points of the second kind of 

discontinuity (dsc): (T,t)dsc-, (ΔS, T)dsc-, (t, ρ)dsc- curves have linear character (Fig. 6). 
For example, empirical formulas at a power of heating the vessel with liquid of optimal volume [22] of (T, 

t)dsc-, (ΔS, T)dsc-, and (t, ρ)dsc, of (Fig. 6a,b,c) are following: 

 

                                     Tdsc =T0 + αΔtdsc1,          T0 = 293 K, α = 2.86 K/min;     (1) 

  

ΔSdsc= ΔS0 +β Tdsc,        ΔS0 = 60 J/K,   β = 2.7 J/K2;            (2)  

 

(ρdsc- 1)/a + tdsc/b =1,         a = 0.18 g/cm3, b = 21.5 min.        (3) 

 
Represented below (ΔS, T)- and (T, t)-curves very clearly show the points of the second kind of 

discontinuity.   

     

 
 (a)                                 (b) 

 

Fig. 7. (a) (ΔS, T) – entropy-temperature dependence: at the heating intensities: q = 75 J/s (A- branch); q =  

47 J/s (B-branch), and q =  35 J/s (C-branch), respectively; (b) (T, t) – temperature-time dependence for q = 

47 J/s). 

 

As it is seen, Fig. 7 shows that: (a) (ΔS, T)- curves have only one, (T2)dsc, point of discontinuity while (b) (T, 

t)-curve has two points of the dsc, T1, dsc = 40 0C = 313 K, and T2, dsc = 80 0С = 353 K. If (ΔS, T)-dependence 

to express in degrees of 0C for T0 > 10 0C, then in this dependence is revealed the T1, dsc = 40 0C = 313 K, too.  

A- and B- branches coincide. At T0 10 0C, if in formula ΔS = ΔQ/T the temperature were taken in 0C 

(instead of 0K), then the entropy “does not loose” the first point of discontinuity, Tdsc = 40 0C. This may be 

allow us to expand the laboratory method of modeling the convection in different geophysical environments 

for obtaining of dsc-points. BBMM method allows us to definite a density, at least, of any substance water 

solution using our universal experimental (T, /ρ)dsc curve. 

Thus, test of artificial natural and mineral waters solutions, shows, for example, that measuring of 

temperature near the break (discontinuity) point  (during some minutes after completion) were enough to 

obtain sufficiently full information about change of bubble boiling regimes, unknown density of solution etc. 

Thus, the proposed method of bubble boiling allows during 7-20 minutes to determine enough accurately the 

density of water solution of any substance. 
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For example, water solutions of laundry salt (NaCl) and honey of the same volumetric density (ρ = 1.03 

g/cm3) are identical by three measured parameters (T, ρ, t) and  calculated entropy ΔS(T) on the dependence 

plot Тdsc(ρdsc) and T(t). Experiments on specially prepared samples of water solutions of honey with mass 

multiplicity (0:1:2:3:4:5) g /300 g of water confirmed excellently the discovered pattern (Тdsc /ρdsc): 800С/1.0 

g –700С /1.0 g –600С /1.0 g –500С /1.0 g –400С /1.0 g (compare with  Fig. 5c (!)). 

 

 

2.2. Let us calculate a quantity of heat (Q) conducting through the side of cylindrical glass 

 

                                                dQ = λ
d

TT air
Sside,                                

temperature (constant along the height (h) of the glass), Tair is the laboratory air temperature practically 

maintained constant before the end of bubble boiling process (1000C) at the condition of where λ is the heat 

conductivity of the glass; d is the thickness of the glass side; T is glass  temperature at an open window of 

the laboratory. Thus, we have 

          Q = – λ
dr

dT
2πRboth,                                       (4) 

where dT/dr is an air temperature gradient at the side of glass, Rbot is a radius of the glass bottom, h is the 

height of water in the glass. There are possible two cases: (a) dT / dr < 0 or (b) dT / dr = 0. Then, in the first 

case 

                              Q1 = mc ΔT + Δm L + λ
dr

dT
2πRboth + Mc′ΔT;                (5) 

in the second one we have (it is suggested that there is not a heat flux through the side of the glass) 

 

    Q2 = mc ΔT + Δm L + Mc′ΔT,                                (6) 
     

where M = 300 g is the mass of the glass; c′ = 0.779 J / (g ∙ K) is the glass heat capacity; for usual glass, λ1 = 

0.7 J / (m ∙ s٠K) = 0.007 J / (cm ∙ s ∙ K); and for quartz glass, λ2 = 1.36 J / (m ∙ s٠K) = 0.0136 J / (cm ∙ s ∙ K); 

ΔT = 900C; d = 0.3 cm; S = πR2, h = 8 cm, m = 300 g;  Δm = 30 g; Rbot = 3.45 cm; ρ = 1 g / cm3; c = 1 cal / g 

∙ K = 4.19 J / (g ∙ K); L = 2.25∙103 J / g; W0 = 103 J / s, Wbot = 47 J / s. 

Substituting the numerical values of parameters of ambient and researched thermodynamic object into 

above-mentioned expressions for thermo-balance gives following results: 

 

Q1 = (300 ∙ 4.19 ∙ 90 + 30 ∙ 2.25 ∙ 103 + 0.007 ∙ (90 / 3) ∙ 2π ∙ 3.45 ∙ 8 + 185 ∙ 0.779 ∙ 90) J = 

 (113130+ 67500 + 36.4 + 12970.35) J = 193636.75 J; 

Q2 = (113130 + 67500 + 12970.35) J = (180630 + 12970.35) J = 193600.35. 
or 

Q1 = 193636.75 J;   Q2 = 193600.35. 

 

As it is seen, a loss of a heat through the sides of the chemical glass is infinitesimal and is equal to 0.02 %. 

 

Q′1 = (300 ∙ 4.19 ∙ 90 + 30 ∙ 2.25 ∙ 103 + 0.0136 ∙ (90 / 3) ∙ 2π ∙ 3.45 ∙ 8 +185 ∙ 0.779 ∙ 90) J = 

(113130 + 67500 + 72.8 + 12970.35) J = (180630 + 72.8 + 12970.35) J = 193673.15 J; 

Q′2 = (300 ∙ 4.19 ∙ 90 + 30 ∙ 2.25 ∙ 103 +185 ∙ 0.779 ∙ 90) J = (113130 + 67500 + 12970.35) J = 

(180630 + 12970.35) J = 193600.35 J. 
or 

Q′1 = 193673.15 J; Q′2 = 193600.35 J. 
 

2.3. Step-by-step calculation of heat balance (Т0 , T′dsc, T″dsc, Tb, t). 

 

2.3.1. (Т0 , T′dsc, t) Thermal mode and the smallest bubbles. 

T0 = 100C, T′dsc = 400C, t = 7 min. 
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Q11 = (300 ∙ 4.19 ∙ 30  + 0.007 ∙ (30 / 3) ∙ 2π ∙ 3.45 ∙ 8 + 185 ∙ 0.779 ∙ 30) J = (37710 + 12.1 

+ 432.3) J = 38154.4 J; 

Q21 = (37710 + 432.3) J = 38142.3 J. 

 

Q11 = 38154.4 J;     Q21 = 38142.3 J. 
 

2.3.2. (T′dsc, T″dsc, t) Transform to mode of large bubbles. 

T′dsc = 400C, T″dsc = 800C, t = (25 – 7) min = 18 min. 

Q12 = (300 ∙ 4.19 ∙ 40  + 0.007 ∙ (40 / 3) ∙ 2π ∙ 3.45 ∙ 8 + 185 ∙ 0.779 ∙ 40) J = (50280 + 16.12 

+ 576.4) J = 50872.52 J; 

Q22 = (50280 + 576.4) J = 50656.4 J. 

 

Q12 = 50872.52 J;     Q22 = 50656.4 J. 
 

2.3.3. (T″dsc, Tb, t) ragime of the largest bubbles. 

T″dsc = 800C, Tb= 1000С, t = (42.5 – 25) min = 17.5 min. 

 

Q13 = (300 ∙ 4.19 ∙ 20  + 30 ∙ 2.25 ∙ 103 + 0.007  ∙ (20 / 3) ∙ 2π ∙ 3.45 ∙ 8 + 185 ∙ 0.779 ∙ 20) J  

= (25140+ 67500 + 8.06 + 288.2) J = 92936.26 J; 

Q23 = (25140 + 67500 + 288.2) J = 92928.2 J. 

 

Q13 = 92936.26 J;     Q23 = 92928.2 J. 
 

2.4. Now consider the dependence of liquid overheat by its heating from bellow at the bottom of the flask on 

the intensity of liquid boiling away (Δm/Δt). What is the temperature (Т) of the flask bottom? 

Heat amount, q = ΔQ/Δt, coming in a unit of time from a heater through the flask bottom 

 in the water, equals to: 

ΔQ/Δt = λ(T – Tb)S/d,                              (7) 
 

where Tb –the boiling point of water, λ – the coefficient of thermal conductivity of glass, d – 

thickness of glass at the bottom of vessel, S –the area of the flask bottom. 

Suppose, all input energy in the flask is discharged on water evaporation 

 

LΔm = W Δt,                                             (8) 
 

here L – hidden heat of vapor formation, Δm – evaporated during the time Δt the mass of water, W – heater 

power (J/s). 

From here we have 

Т = Тb + 
tS

mLd






,                                         (9) 

or 

 

Т = Tb + d ∙ W /(λ ∙ S),                                (10) 
 

Overheat of bottom layer of water in the flask can be expressed as: 

 

ΔT = d ∙ W /(λ ∙ S),                                         (11) 
 

where λ ≈ 0.7 V/(m٠K) = 1/600 cal/(cm∙K); d = 0.3 cm, S = πR2,  h = 8 cm, m = πR2 h ρ  = 300 g; ρ = 

1g/cm3,  c = 1 cal/g∙K, = 103 J/s. 

Using above mentioned characteristics of our thermodynamic system we obtain 

 

ΔT = d ∙ P /(λ ∙ S) = 0.3 ∙103 / (0.7 ∙ 300/(8∙1)) ≈ 1.18 0C.    (12) 
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First bubbles of large size (beginning of fluid bubble boiling process) (the temperature of water in a volume 

at first 5 min was 30 oC) appears during overheat of bottom layer of water in the flask, heated from bellow 

on the electric hot plate , ΔT ≈ 1.18 oC. Then, after 5 min measured temperature was equal to 40 0C and so 

on. 

 

2.5. Initial fluid temperature in the flask was always equal to the air temperature in the laboratory of thermal 

vacuum chamber Т = 10 0С (winter period). Based on the investigated by us original method of bubble fluid 

boiling the series of experiments has been performed to investigate thermodynamic parameters of natural 

waters in Georgia (thermal waters, mineral waters, mountain springs, sea and lake waters) and artificial 

solutions. To complete the thermodynamic picture we calculate, in the system of units S, total amount of 

heat, transferred to liquid thermodynamic system in time Δt = 2400 sec, starting at initial temperature of Т0 = 

10 0С  to the moment  Тк = 100 0С, intense bubble boiling, ΔQ = mc (Тк –T0) = 0.3 ∙ 4.2 ∙ 103 (100 0C – 10 
0C) = 113.4 kJ. After dividing the received heat on time Δt = 2400 sec, we get for intensity of heat q = ΔQ/ 

Δt of an investigated object the value q = 47 J/sec. Compatible our calculations with observations in Iceland 

[16]. 

 

2. 6. Geysers. Geophysical peculiarities. 

 

Geysers are underground reservoirs filled with ground water and heated by intense source of heat below the 

surface. The exit of them to the surface is going through a narrow channel, in the "quiet" period almost 

completely filled with water. "Active" period comes when water boils in the underground reservoir, and 

during the eruption of the geyser a channel is almost completely filled only with vapor, which is released 

outside. We’ll estimate what a part of water is lost during one release. (The height of vapor fountain is h2 = 

10 m), if at the depth of geyser channel h1 = 37m water is heated up to 1400С. 

Let’s consider that specific temperature q of water vapor L = 2.25∙106 J/kg. Atmospheric pressure is normal, 

Р0 = 1.015∙105 Pa. 

Liquid starts boiling at the moment when the pressure of saturated vapor inside the bubbles of gas (which are 

in liquid) becomes equal to external pressure.  In our case pressure differs from the atmospheric one be the 

value of hydrostatic pressure created by water column in the geyser channel.  Therefore, the water 

temperature in the geyser reservoir must be higher by the value of ΔT than the temperature of boiling water 

under the normal pressure, equal to 1000С. 

When water column in a channel at the time of water boiling is released outside, vapor pressure and liquid 

temperature are decreased up to atmospheric pressure and the boiling point at normal pressure, i.e. up to 

1000С.  Amount of heat mcΔT released during temperature drop of all water mass in a reservoir is used for 

evaporation of some part Δm and message about its potential energy equal to Δmg (h1 + h2). 

We note that “active” period of geyser is very rapid and takes relatively short time (compare with the 

intensive bubble boiling process in the laboratory vessel with water or any liquid). “Quiet” period is more 

long process where repeated warm-up of all water mass in the underground reservoirs happens through 

thermal conductivity. Water mass by the underground water inflow restores its initial reserve. 

The heat sink at the moment of eruption can be neglected and we can consider that eruption happens by the 

internal energy of water in geyser reservoir. 

We have 

 

mc ΔT = Δm [L + g (h1 + h2)],                                    (13) 
 

 

where L is a latent heat of the water evaporation. 

For ΔT = 1400С – 1000С = 400С, c = 4.19 kJ/(kg ∙ K), L = 2.25∙106 J/kg 

 

L

Tc

hhgL

Tc

m

m 









)( 21

,    %100
m

m
≈ 7.5 %.      (14) 

 

3. Ocean. Heat flux. Geophysical peculiarities [20]. 

3.1. The surface layers of the acting ocean are stirred by the winds and undergo a regular cycle of convection 

and restratification in response to the annual cycle of buoyancy fluxes at the sea surface. The buoyancy flux, 

B, is expressed in terms of heat and fresh water fluxes as 
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        B = 
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0

PESH
c

g
S

W





 ,                                (15) 

 

where Wc = 3900 J Kg-1 K-1 is the heat capacity of water, H is the surface heat loss, E – P represents the net 

fresh water flux (evaporation minus precipitation). Over the interior of the ocean basin, heat fluxes rise to 

perhaps 100 W m-2 in winter, and E – P = 1 m yr -1, implying a buoyancy flux B ~ 10-8 m2 s-3. Unlike the 

upper regions of the main thermocline where mixed layer h ≤ 102 m ), at the convection sites the 

stratification is  sufficiently weak, N/f ≈ 5-10, and the buoyancy forcing is sufficiently strong,  ≥ 10-7 m2 s-3, 

corresponding to heat fluxes as high as 1000 W m-2, convection may reach much greater depths h  > 2 km). 

This results were discussed in our article [24]. 

 

 

 

 
 

 

Fig. 8a. Convection in an ocean surface turbulent layer according to [20]. 

 

 

3.2. Convective phenomena of conductive fluid placed in external magnetic field (see ref. of [44]) and in the 

convective zone of the solar atmosphere under the photosphere [37]. Compare turbulent layers on surface of 

ocean (Fig. 8a) and zone of convection in the solar atmosphere (Fig. 8b).  

Below are adduced some other results, where effect of the magnetic buoyancy is seen clearly both: (a) 

calculation of the plane solar magnetic field (sunspots), [44], and (b) the space solar wind, [49]. 

 

 

                                      
   

 

 

Fig. 8b. Pictures: (1) – formation of sunspots by the solar toroidal magnetic field, 

according to Parker (1955), [50]; (2) three-dimensional solar wind, according to 

Neugebauer (1999), [49]. 
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4. Van der Waals-like a brittle fracture (σ/ϵ)-dependence, according to [19, 27]. 

 

 

 
 

(a)                                                                             (b) 

Fig. 9. (a): Van der Waals’ pressure-volume (P, V)- type diagram the ((σ/σy)-1, (ϵ/ϵy))-one [27]; and (b): 

stress-strain ((σ/σy), (ϵ/ϵy))-diagram for a brittle solid [19]. 

 

The author of [19] sees the similarity between the diagram of the stress-strain process which take place in the  

rocks during the earthquakes and the pressure-volume one of water-vapor phase transformation during the 

bubble boiling process [27] (compare with above mentioned our BBM method [21-25] and Figs. 10-12). 

 

 

 

 

 

           
(a)                                                                         (b) 

 

Fig. 10. (a) – Results of [17], after remake, show Van der Waals-type “metastable” parts of the curve 

when right-side experimental points were taken into account. (b) – (Cp, T)- and ( TCP ,1
)-reverses heat 

capacity-temperature diagram for glycerin, C3H8O3, (see ref. of [46]). 

 

As can be seen, the experimental plots of the dependences of mirror reflection of some of  parameters: (S, t), 

(S, V), (q, p) (N, t), (σ, ϵ), (τ, p) in the processes of phase transformation (boiling, glassy state etc.) 

demonstrate the “Van der Waals”- and “Andrews”-type forms (see [17, 19] and Figs. 9 -12a). 
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4.2. The samples used in the present study were collected at seven different volcanoes or volcanic centers 

and represent a broad range of composition and porosity (2 - 85 vol.%). The experimental data (representing 

approx. 400 experiments) show a strong relation between porosity and the fragmentation threshold at 850 °C. 

(Note that porosity/100 is plotted at the x-axis.) The grey box shows the range of different earlier 

fragmentation criteria defined by bubble coalescence [34] and shear induced foam instability [35]. 

 

5. Tammann curve’s-type of nucleation of piperin crystals in glassy state [36].  

This form of experimental curves proved to be very important in the present side by side Van der Waals one. 

Both of them plays important role in different scientific and technical spheres. 

 

 

 

                                     
     

                                                            (a)                                                         (b) 

      

Fig.11. (a) Tammann’s (Nn, t)-piperin nucleus number-temperature curves [36]; 

(b) shows the Tammann’s (Nn, t)-curve in center and added ρ(t)- and Q(t)-curves 

for different natural waters and artificial solutions of different concentration. 

           

It is very interesting to note that Tammann’s exactly this, (40–80) 0C, temperature interval of piperin crystals 

nucleation ([36]) coincides with the curves (T, t)dsc of Fig. 1-5 having the“dsc’’ points of discontinuities in 

the same (40–80) 0C interval, [21-25].Fig. 11 shows the temperature change of glycerin in crystal (1) and in 

glassing liquid (2) states at the normal atmosphere pressure, respectively. T0 is the equilibrium temperature 

of melting and Tg is the temperature of the glassy structure formation. 

For the rate of the crystal nucleation, J, in the supercooled melts we use simplified formula [6]: 

 

dt
kT

A

kT

u
KJdt si

















 expexp ,            (16) 

     

where Iu is the energy of activation of phase transformation I → II, As    minimal free surface  

energy of the crystal form, K is constant, T is temperature, k is Boltsman’s constant. For nucleus   
of spherical shape and averaged Qs, σ, and d, instead of (16) we have 
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.    (17) 

  

Now, though the values of Iu and B are unknown in every separate case, nevertheless, one maydefine the 

bounds of their values, if instead of unknown the boundary energy crystal/melt in the expression of B, (17), 

were taken the surface tension. Calculations showed that theoretical (J, T)-curve [6] has the same shape as 

obtained by Tammann and his pupils on the base of numerous experiments [36]. 
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Below Van der Waals’ and Tammann’s-type curves (Fig. 12) and (Fig. 13) are represented, respectively. 

They are in accordance with suggested classification of geophysical phenomena by force of their 

thermodynamic nature. In Fig. 12 upper curves of ion intensity-years (I, Y) arrange [as (P, V) for 

temperature, growing from below upwards before critical point in case of real gases (in thermodynamics)] 

and for h, depth of ions penetration into the Earth atmosphere (in case of cosmic rays). Visually behaviors of 

above described ion phenomena are similar. The lower, sunspot-years (W, Y) - and geomagnetic activity-

years (CP, Y)-curves are in a good accordance with each other during solar 11-year cycle (1950-1951). It 

would be interesting to attract once more Fig. 8b, Fig. 11 and Fig. 12. 

  

 

 
 

Fig. 12. Values of W, I, Cp  – sunspots, cosmic rays intensity at different 

depths of penetration into atmosphere, geomagnetic activity during 1950 

-1961 (Neher, Anderson, 1962; Thule, Greenland, AB USA). 

 

To the Tammann’-type curves are belonged  the curves the Solar F10.7 and UV- ultra-violet radiation                                                                                                                                                                                                                                                                                                                                                                                                                                                  

as it is clearly seen from Fig. 13. And not only the very hot solar plasma radiation, but also, of all hot alloys 

structural and thermal parameters have the same, Tammann character (Fig. 14-17). 

  

 

 
 

Fig. 13. Correlation of extreme ultraviolet with F10.7 (Manson, 1976) 
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At last, consider some results from monograph [43], devoted to transformation of sulphides, arsenides and 

sulphates under mechanical and thermal influences. Obtained there graphical illustrations about structural 

and thermal characteristics of natural or artificial samples are also just Tammann’s-type curves. Compare 

calculated, according to the formula (17), crystal nucleation-temperature (J, T)-dependence [6], Fig. 14-16, 

Fig. 11, 13 and Fig. 17. 

 

   
Fig. 14. Theoretical curve of intensity of crystal nucleus against 

temperature of supercooled melt according to [6]was used by us 

in order to construct Tammann’s well-known experimental curve 

for piperin (Fig. 11) [36]. 

 
 

 

 

 

 

 

Fig. 15. Temperature dependence of crystallization rate of acetanilide –dinitrophenol 

benzyl  [36]. A–acetanilide; B–binary eutectic of acetanilide with  dinitrophenol;  C-

ternary eutectic. All of them are Tammann’s-type curves, as we see, too. 
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                                     Fig. 16. The rate of spherolit glass needles growth against the  

                                                           temperature ((RG,T) -dependence.  

The length of spherolit needles measured by means of microscope and rate RGmax was ~ 20 μ/min (ref.[36]). 

 

  

 
 

Fig. 17. Structural and thermal characteristics of realgar (As, S) and products 

of its mechanical processing. 1 – initial, 2-7 – activated (min) in 2-5 – water 

(0.5; 2; 7; 15), 6 –air (7), 7 – combined (14) environments; a difractograms; 

b, c – DTA-curves (platinum and quartz crucible furnaces) [36]. 

 

 

6. Conclusions. 

 

Thus, it is obtained similarity between: (1) Van-der-Waals (P/V)-phase diagram [19], stress-strain diagram 

(σ/ϵ), modelling earthquakes [27], and reconstructed by us figures (MPa/porosity) [30-34] and ( TCP ,1
)-

reverse heat capacity-temperature diagram for glycerin, C3H8O3, [46] and (h, E)-, dependence between depth 

of cosmic rays penetration into the Earth atmosphere and their energy [42,41]; (2) space-time change of 

parameters  of cosmic rays, solar wind, F10.7 and ultra-violet radiation, [37-42] and temperature-time change 

of nucleation of melted piperin, C17H19NO3, in glass-like crystal state, [36], and sulfides, arsenides, sulfates, 

[43]; (3) change of number of sunspots, W, and geomagnetic activity, Pc , in time, [42], reconstructed by us 

(here), are in a good agreement with (ΔT, t), [25]; (4) (BBMM) bubble-boiling method [21, 22] may be used 

for modelling of vertical convection, first of all, in the geo- and solar atmosphere, [21-25]; theoretically is 

confirmed our conclusion about Van-der-Waals-type and Tammann-type thermodynamic phenomena in 

geophysical spheres, metallurgical and physico-chemical investigations. It is necessary  to note that well 

known Tammann’s curve is not Gaussian one. 
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სხვადასხვა ბუნების თერმოდინამიკური სისტემების 

პარამეტრების და მახასიათებელი ფუნქციების შესახებ: 

ექსპერიმენტი, დაკვირვება, თეორია 
 

ა. გველესიანი 

 
რეზიუმე 

 

ნაშრომი შეიცავს ლაბორატორიული ექსპერიმენტების ახალ შედეგებს და  მათ ინტერპტაციას. 

განზოგადებულია სხვა ავტორების კარგად ცნობილი შედეგები, რომელთა განხილვისას 

შეგვაქვს სათანადო კორექტივები ერთიანი თერმოდინამიკური კუთხით მოვლენების 

ფიზიკური შინაარსიდან გამომდინარე, დაყრდნობით კლასიკად ქცეულ შრომებზე, სტატიის 

შესავალში მოკლედ აღიწერება ჩვენს მიერ შემოთავაზებული ვერტიკალური კონვექციის  

მოდელირების ბუშტოვანი დუღილის მეთოდი (BBMM. ნაშრომის ძირითადი ნაწილი ეძღვნება 

გეოფიზიკის, ფიზიკა-ქიმიის, მეტალურგიის, ტექნიკის სათანადო დარგების ობიექტების 

თერმოდინამიკური მახასიათებლების კვლევა. ყურადღების ცენტრშია ფაზური გარდაქმნები: 

კრისტალი  სითხეორთქლი და პირიქით. და ბოლოს დადგენილია: (1) ვან-დერ-ვაალსის 

(P,V)-დიაგრამის მსგავსება დაძააბულობა-დეფორმაცია (σ,ϵ)-დიაგრამას და დაზუსტებულ ჩვენს 

მიერ წნევა-ფოროვნება (ΔP,(ΔV/V))-დიაგრამა, შებრუნებული სითბოტევადობა-ტემპერატურა     

( TCP ,1
)-დიაგრამა გლიცერინისათვის, C3H8O3, და E ენერგიის მქონე კოსმოსური სხივების  

დედამიწის ატმოსფეროში h სიღრმეზე შეღწევის (h, E)-დიაგრამასთან; (2) მსგავსება კოსმოსური 

სხივების, მზის ქარის, მზის F10.7 და ულტრა-იისფერი გამოსხივების, პიპერინის, C17H19NO3, 
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გალღვობილი მასის ნუკლეაციის სვლა მინისებრივ მდგომარეობაში და სულფიდების, 

არსენიდების და სულფატების სტრყქტურულ-თერმიული მახასიათებლების; (3) მზის ლაქების 

რიცხვის, W, და  გეომაგნიტური აქტივობის პარამეტრის, PC , მზის 11-წლიან  ციკლში 

ცვლილების მრუდები ხარისხობრივად ეთანხმება ჩვენს მიერ მიღებულ ტემპერატურის 

ცვლილებას დროში, (ΔT, t), (4) ВВММ-მეთოდი შეიძლება გამოყენებულ იქნას კონვექციური 

პროცესების განხილვისას გეოსფეროებში, მზის ატმოსფეროში და სხვ.   თეორიულად 

მტკიცდება ჩვენი დასკვნა ვან დერ ვაალსის და ტამანის მოვლენების მსგავსება სხვადასხვა 

გეოსფეროში, მეტალურგიულ და ფიზიკურ-ქიმიურ პროცესებში. უნდა აღინიშნოს ის 

გარემოება, რომ ტამანის მრუდს არაფერი აქვს საერთო გაუსის მრუდთან.  
 

 

 

О характеристических функциях и параметрах 

термодинамических систем различной природы:  

эксперимент, наблюдения, теория 

 
А. И. Гвелесиани 

 
Резюме 

 

Работа содержит собственные новые результаты лабораторных экспериментов и их 

интерпретаций. Обобщаются хорошо известные результаты других работ, используемых нами для 

внесения в них корректив термодинамически с единой точки зрения, в свете классических работ. В 

первой части статьи кратко описываются возможности моделирования вертикальной конвекции в 

двухфазной многокомпонентной текучей среде лабораторным методом (BBMM).Остальная часть 

статьи посвящена исследованию термодинамических свойств объектов геофизических, физико-

химических, технических наук, металлургии и др. Установлено: (1) сходство (P/V)-диаграммы 

Ван-дер-Ваальса с (σ/ϵ)-диаграммой  напряжение-деформация и уточнёнными нами диаграммами 

(ΔP/(ΔV/V)) давление-пористость и ( TCP ,1
) обратная теплоёмкость-температура для глицерина, 

C3H8O3, (h, E)-зависимости глубины проникновения в атмосферу Земли космических лучей от 

энергии; (2) сходство пространственно-временного хода параметров космических лучей, 

солнечного ветра, F10.7 и УФ радиации Солнца c нуклеацией расплавленной массы пиперина, 

C17H19NO3, в стеклообразном состоянии, и со структурно-термическими характеристиками 

сульфидов, арсенидов, сульфатов; (3) графическая зависимость числа солнечных пятен, W, и 

геомагнитной активности, Pc , от времени,  реконструированная нами (здесь), хорошо согласуется 

с зависимостью (ΔT, t); (4) оригинальный метод пузырькового кипения (ВВММ), может оказаться 

полезным для лабораторного и численного моделирования вертикальной конвекции в геосферах и  

атмосфере Солнца. Теоретически подтверждается наше заключение о сходстве явлений Ван дер 

Ваальса и Таммана с сответствующими явлениями в различных геосферах, металлургии и физико-

химических исследованиях. Необходимо отметить, что хорошо известная кривая Тамманна не есть 

Гауссова кривая. 

 

 

 

 


