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Abstract

There are considered results of the laboratory works which continue the modeling of vertical
convective motions in different geophysical fluids (theoretically) and (experimentally) — in
artificial and natural water solutions — by means of suggested before original fluids bubble boiling
method (FBBM)[1, 2]. Using the edible salt and sugar water solutions, peculiarities of their
temperature-density, T(p), temperature-time, T(t), entropy-temperature, AS(T), and heat intensity-
time, Q/(t), functional dependences were investigated experimentally, in detail. Three
characteristic values of temperature of the bubble boiling regime change, T (H20) = T(C12H22011) =
40°C, 80°C, 100°C and T(NaCl) = 40°C, 80°C, 108°C, were found, respectively. These values were
obtained on the base of detail experiments for accessible intervals of densities (minimal-maximal)
equal, respectively: Ap(NaCl) = (1.01-1.2) g cm® u Ap(C2H2O0u) = (1.04 -1.47) g cm?.
Experimental curves T(p), T(t) and AS(T), as a rule, in the temperature interval AT = 40°C — 80°C
undergo the discontinuity of the second kind. They allowed us to establish the law of appearance
of the points of the second kind discontinuities. Obtained T(p), T(t) and AS(T) experimental curves
(Figs. 1-6) have universal character, are independent on the substrate’s nature and initial
temperature of the researched solutions. They give sufficiently full information about new results
of provided experiments, which may have not only applied meaning. It is necessary to emphasize
an importance of obtained experimental dependences, (T(p), T(t), AS(T), and Q'(t)) from the point
of view of opening perspectives of development and deepening of suggested method both to avoid
superfluous technical efforts quickly and without error, find main characteristics of investigated
fluids.

I. Introduction.

In this report, new results of experimental research of vertical one-dimensional two-phase
flow, modeling natural convective processes according to the original fluids bubble boiling method
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(FBBM) suggested by us in works [1, 2]. These laboratory modeling experiments are further
continuation of above mentioned investigations of fluids vertical convective motions.

The character values of studying thermodynamic system, such as dependences: temperature-
heating time, T(t); entropy-temperature, AS(T); hysteresis curves, T+(t)-T<(t), ("+’and “— “ signs
correspond to heating and cooling of fluids, respectively), are represented in Figs. 1-6 and Table 1.
Each of Figs. 1-5, both for convenience of analysis and limitation of place, simultaneously contains
two by two graphs: upper —constrained by means of net experimentally measured data, T(t); lower
— on the base of calculated characteristics of system, AS (T). It is necessary to note, that analogical
laboratory modeling vertical one-dimensional geophysical convective flows in literature practically
are absent ([6, 7, 1, 2], see also refs in [1]).

II. Method and results of the experiments.

Both graphs, T(t) and AS(T), in Fig.1 for clear water have a second kind of discontinuity at
temperature T1 = 80°C, connected with bubble boiling point [1, 2]. The temperature is achieved (in
conditions of our experiments, at intensity of heating about 15 cal/min flux) after the lapse of 25
min from the initial temperature of To = 10°C.Experiments provided on investigated water solutions
of different materials showed that on the background of the curves of T(t) and AS(T) appear a new
additional point of the second kind of discontinuity at more low temperatures. The entropy curve,
AS (T), of NaCl maximal density water solution (pmax = 1.2 g cm? (see Fig. 5, where the entropy
curve has two points of the second kind of discontinuity at T: = 80°C and T2 = 40°C, respectively)
exactly just so behaves, as T(t) one. In common with the results of our previous works [1, 2], and
by the present ones it was experimentally established, that any substance water solutions curves,
T(t) and AS (T), have two points of the second kind discontinuity (T: = 80°C and 40°C < T2 < 80°C) —
for solution densities (pmax > ps > 1.0 g cm3) (see Figs. 1-5).
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Fig. 1. Above — temperature-time dependence, T(t); lower —
entropy-temperature dependence, AS(T), of clear water of
density, p = 1.0 g cm™®, heating from 10°C up to 100°C.

Fig. 2 illustrates results of experiments on the sugar,Ci2H2O11, water solutions of density p =
1.08 g cm™. As is seen, both curves, T(t) and AS(T), have two by two points of the second kind
discontinuities at temperatures T1 = 80°C and T2 = 60°C, respectively. It is interesting to note that
the NaCl water solution of the same density, p = 1.07 g cm™, has analogical readings (see Fig. 5).
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Fig. 2. Above — temperature-time dependence, T(t); lower —
entropy-temperature dependence, AS(T), of sugar, C12H2011,
water solution ( p = 1.08 g cm™), heating from 10°C up to 100°C.

Fig. 3 corresponds to the the maximal density (p = 1.47 g cm?®) sugar, Ci2H2Ou , water
solution, heating from below at initial temperature To = 10°C. After 6 min (see Table 1 in [2]), it is
achieved the sugar solution bubble boiling temperature T> = 40°C, and then, after 24 min, — the
sugar solution intensive bubble boiling temperature invariably equals to T:1 = 80°C. The entropy, as
a rule, undergoes both discontinuities at T2 = 40°C and T: = 80°C, too.
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Fig. 3. Above — temperature-time dependence, T(t); lower —
entropy-temperature dependence, AS(T), of sugar, C12H22011,
water solution ( p = 1.47 g cm™), heating from 10°C up to 100°C.

Fig. 4 shows the curves of T(t) and AS(T) for light NaCl water solution (p = 1.07 g cm™). Here,
saying figuratively, the same past the baton of two points of the second kind discontinuities (T: =
80°C and T2 = 60°C) to NaCl and other substances (see, present Figs. 1-3, and [1, 2]).

: T
4.4 L— 10 == =
T
4.0 L 3¢ T, = 80°C}
= Y
564 5 e = 6°C —— -—
4 5 ‘
§ 32 ﬂ S 4oft-A .
g 2
5]
£ 28 H 2 /
[« ] I i
3 1.4H 0 = — / //P_:
s w20 3 40 s g7 I
. fime, {, min .
E 7
o1 | c”
& Z/.‘
1.2 / Ta=6nee
g V..
ihd r/
0 !
i . |
T a0 ] ~ 0

7

(7] 1] 11
Temperature, T°C

Fig. 4. Above — temperature-time dependence, T(t); lower —
entropy-temperature dependence, AS(T), of NaCl water
solution ( p = 1.07 g cm™), heating from 20°C up to 100°C.

In Fig. 5, it is recurred the same very interesting property — availability of two points of the
second kind discontinuity on the curves T(t) u AS(T). Here it was used the same NaCl water
solution, but of the maximal density (p = 1.2 g cm?), having two limit values of solution bubble
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boiling points T1 = 80°C u T2 = 40°C (!), as in the case of the sugar water solution of maximal density
(see above and [1, 2]).
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Fig. 5. Above — temperature-time dependence, T(t); lower —
entropy-temperature dependence, AS(T), of NaCl water
solution (p = 1.2 g cm™®), heating from 10°C up to 100°C.

Fig.6 shows results of detail measuring during heating to the bubble boiling and then reverse
motion of both curves ( H2O and Ci2H22011 solution of maximal density, p=1.47g cm?). There are
two points of crossing curves at temperature T3 = 100°C (Figs. 6a, 6b) and lower at T2 = 62°C (Fig.
6a). In case of clear water, H20, time of heating from 20°C to 100°C equals to 45 min; coordinates of
the second kind discontinuity are following T1(80°C, 25 min); coordinates of point of boiling are —
T3(100°C, 45 min). In case of sugar, C12H2:011, time of heating from 20°C to 100°C equals to 40 min;
coordinates of the second kind discontinuity are following T2(40°C, 5 min); coordinates of point of
boiling are — T3(100°C, 40 min).
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Fig. 6. The clear water (a) and sugar solution (b) bubble boiling
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(solid lines, time scale — below ) and hysteresis (dashed lines, time
scale — above) curves. Heat flux, Q'(t) ~ 15 cal s..

Unlike the water solution of NaCl (with maximal density p = 1.2 g cm™®, and temperature of
boiling T3 =~ 108°C), in case of sugar water solution (Ci2P220m), a rise of boiling temperature doesn’t
occur, and its boiling temperature Tz = 100°C. In case of sugar water solution of maximal density (p
= 1.47 g cm?), the hysteresis square (ADn) between solid line an dashed one, directed in the
opposite direction (of low cooling process of the solution from the point of boiling Ts =100°C )
before their crossing with each other equals to, respectively: (a) for clear water (p = 1.0 g cm?3)
hysteresis square ADn (H20) = 3.5 sq. un., coordinates of this point are following (see Fig. 6a): Tx
62°C, and corresponding time of cooling, tn = 28 min; (b) for sugar solution of maximal density p
1.47 g cm3, ADu(C12P201n1) = 2 un. sq.; coordinates of this point are following (see Fig. 6b): Tn =
68°C, and corresponding time of cooling, t» = 23 min; ratio between hysteresis squares of sugar and
clear water ADn(C12P22011): ADn (H20) =~ 4:7.

Q

III. Analysis and discussion.

It is necessary to note, at once, that the results of measuring of character parameters of
considered solutions in the most complete form represent in Fig. 6 a,b (during of heating: T1, T2, T3;
AS1, AS2, ASs; t1, t2, t3; during cooling — hysteresis parameters: ADn, Th, tn).

On the derivation of initial linear parts of T(t)-curves at achievement of the points of the
second kind of discontinuities — to the side of decrease along elliptical curve (when a heat is spent
during a bubble boiling process); in case of the AS (T)-curves the initial linear character of growth
of the curve, after the points of the second kind of discontinuity, is continued in the form of
growing parabolic curve. In the solutions, such picture is repeated twice because of appearance the
second analogical point of discontinuity. Increasing of the entropy curves growth temp is
accounted for its inverse proportionality to the temperature of solution. Here it is also necessary to
take into consideration that we have dealings with associated fluids (in particular, the water
belongs to them, too), at heating of which, except of formation of bubbles of vapour, a part of the
heat is spent in addition for dissociation of molecules, and, as a result, — the second kind of
discontinuities in all curves T(t) and AS(T) (Fig. 1-6).

The vapours bubbles, generating into the fluids during boiling, are under hydrostatic pressure
of column of water, surface of water curvature, and atmospheric pressure. To not to be crushed, the
bubble must contain sufficiently high value of saturated vapour pressure in order to resist of whole
external pressure. But, as is known, inside of the bubble, because of concave surface, the pressure of
saturated vapour is less, than over a plate surface, and the smaller than the smaller of bubbles
radius, too. Because the bubble boiling process begins from generation of very small size bubbles (r
= 107 c¢m), then this insufficiency of the pressure inside of the bubble reaches considerable value,
and the bubble of air fast becomes flat and disappears. In the volume of heating fluids, huge
accumulation of the smallest bubbles slowly moves vertically upwards, under action of Archimedes
force. The boiling does not begin, although from the outside of the liquid the conditions of the
boiling are available. When temperature of liquid at the bottom of the vessel is increased, the
vapour bubbles of size r 710* cm suddenly quickly growth at the temperatures (T: and T2) of the
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second kind discontinuity. In case of clear water T: = 80°C, and in case of different substance
solutions the temperature of discontinuities is between T2 = 40°C and 80°C, and following growth
of liquids temperature and completing very intensive bubble boiling temperature T3z = 100°C (for
clear water, H20, and for the water solution of sugar, Hi2C22011, of maximal density p = 1,47 g/cm?)
u T3 = 108°C (for NaCl water solution of maximal density, p = 1,2 g/cm?), intensive boiling in form
of stable vertical columns of lengthened bubbles, which maybe named “hose” — boiling.

IV. Conclusion.

Thus, obtained experimental curves T(p), T(t) and AS(T) (Figs. 1-6) (or the bubble boiling
method):

(I) — have universal character are independent on the substrate’s nature and initial
temperature of the researched solutions; (2) — allow one to establish the law of appearance of the
points of the second kind discontinuities; (3) — give sufficiently full information about new results
of provided experiments; (4) — may have independent and not only applied meaning; (5) — are
significant from the point of view of opening perspectives of development and deepening of
suggested method; (6) —the method allows also to avoid superfluous technical efforts, quickly and
without error, find main thermodynamic parameters of investigated solutions.
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sufTa wylis, H20, da sxvadasxva simkvrivis
mqone Saqris, C12H22011, da sufris marilis, NaCl,
wylis xsnarebis buStisebri duRilis TaviseburebaTa kvlevis damatebiTi
egsperimentebis Sesaxeb

anzor gvelesiani, nodar WiabriSvili

reziume

winamdebare statiaSi ganixileba damatebiTi laboratoriuli cdebis Sedegebi, romlebic
warmoadgenen konveqciuri procesebis modelirebis kvlevebis Semdgom ganviTarebas.
SemoTavazebuli siTxis buStisebri duRilis laboratoriuli meTodis gamoyenebiT [1, 2]. Mmarilis da
Saqris wyalxsnarebis magaliTze T(t) da AS(T) damokidebuleba sakmaod detaluradaa Seswavlili.
gamosakvlevi xsnarebis moculobiTi duRilis procesisaTvis naCvenebia sami maxasiaTebeli sididis —
xsnaris duRilis temperaturis, entropiis da miwodebuli siTbos intensivobis (T(p), T(t), AS(T) da Q'(t))
— arseboba. isini warmoadgenen buStisebri duRilis procesis reperul wertilebs: T (H20) =
T(C12H22011) = 40°C, 80°C, 100°C da T(NaCl) = 40°C, 80°C, 108°C. kvlvvis Sedegad dadgenilia, rom
sufTa wylis (p=1,0g/sm?®) da marilis da Saqris wyalxsnarebis SemTxvevaSi simkvriveebis
intervalebSi (daSvebuli minimaluridan maqgsimaluramde), saTanadod: Ap(NaCl) = (1,01-1,2) g/sm?
da Ap(Ci2H201u1) = (1,04-1,47) g/sm?. amasTan unda aRiniSnos, rom miRebuli universaluri
eqsperimentuli mrudebi — T(p), T(t), AS(T), Q/(t) — iZleva uwyvetobis meore gvaris wyvetis or-or
wertils, romlebic imyofeian (40°C-80°C) intervalSi. fig. 1-6-ze warmodgenili mrudebi Seicaven
sakmaod srul informacias miRebul axal mecnierul Sedegebze da aqvT ara mxolod gamoyenebiTi
mniSvneloba. SemoTavazebuli meTodi zedmeti teqnikuri danaxarjebis gareSe saSualebas iZleva
pirvel miaxlovebaSi swrafad da uSecdomod ganisazRvros gamosakvlevi xsnaris ZiriTadi
Termodinamikuri reperuli maxasiaTeblebi.

JlomoTHuTe IbHBIE DKCIIEPUMEHTSI IT0 MCCJIeJOBAaHUIO OCOGeHHOCTeH
ITy3BIPHKOBOTO KMITEHUA YHUCTOMH BOABI, BOJHBIX PACTBOPOB CaXapo3kl,
C12H22011, u moBapenHoii conu, NaCl, pasnuyuHbIX IIOTHOCTEH

Amnsop I'Benecuanu, Hogap Yuabpumsuiu

Pesrome

B macrofmeii craTbe pPacCMAaTPUBAIOTCA Pe3YJIbTAThl JAOOPATOPHBIX PpaboT, SABJIAIOMIUXCS
JaTbHEHUIINM IIPOAOJKEHHeM UCCAeJOBaHUNM KOHBEKTUBHBIX IIPOI€CCOB, IIO OPUTHHAIBHOMY
71a00paTOPHOMY METOZY MOJeINPOBAaHUS IIPOLeCca Iy3bIPhbKOBOT'O KUIIEHNUS PACTBOPOB PA3IMYHbIX
maorHocreit [1, 2]. Ha mpumepe BOAHBIX pacTBOPOB IIOBApeHHOH COJMM M caxapa TIIATEJIBHO
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M3y4eHBI OCOOEHHOCTH BPEMEHHOIO XOJja TeMIIEPAaTyphl PaCTBOPOB U 3aBUCHMOCTH SHTPOIUU OT
temrepaTrypsl. [lokasaHo Hajauuyme TPEX XapaKTepHBIX 3HAUEHUN TeMIIEPaTyphl, DHTPOIHUHU U
nHTeHcuBHOCTH nogasaemoro Temna (T(p), T(t), AS(T) u Q'(t)) B mpoumecce 06BEMHOTO KUIIEHUA
M3y4aeMbIX PacTBOPOB, SABJIAIONIUXCSA PEIEePHBIMU TOYKAMU CMEHBI pEXHMa ITy3BIPHKOBOTO
kunenusa: T (H20) = T(Ci2H22011) = 40°C, 80°C, 100°C and T(NaCl) = 40°C, 80°C, 108°C. IIpu stom
OoOHapy>XeHO, 4To 1yIa 9ucToil Boasl (p = 1,0 T ¢cM®) u BOAHBIX PacTBOPOB IIOBAPEHHOM COMH U
caxapo3bl B MHTEpBAJIAX ILIOTHOCTEH ( JOIyCTUMBIX MUHHMAJIbHBIX- MAaKCHUMAJIbHBIX 3HAUeHUH) ,
coorBerctBeHHO: Ap(NaCl) = (1,01-1,2) r cm® u Ap(Ci2H22011) = (1,04-1,47) r cm3. IlorygenHsie
rpadUKy 3aBUCHMOCTH MEXJAY TOYKAaMH PasphIBOB HEIIPepBIBHOCTH BTOporo poza — T(p), T(t),
AS(T), Q/(t) — nmelOT yHUBEpCAIBHBIN XapaKTep, He3aBUCHUMBI OT IIPHPOABI PAaCTBOPIEMOIO B BOJe
BelleCcTBA ¥  HAYAJIBPHOTO  3HAYEHUS TEeMIIepaTypsl  pacTBOpa. [TpexncraBnenHsIe
sKcnepuMeHTanbHble rpaduku (Pur. 1-6) comeprxar JOCTaTOYHO IOTHYIO HHGOPMAILIUIO IOHOBBIX
pe3yJbTaTtax , KOTOpble MOTYT MMETh He TOJIBKO IIPUKJIAafHOe 3HaueHwWero. [Ipemmraraemsrit meros,
IIO3BOJIsAeT, 0e3 JIMIIHUX TeXHUYeCKUX 3aTpaT U BPeMeHU, B IIepBOM INPUOIIKEHUU OBICTPO U
6e30IIMO0YHO OIpeNeTuTs OCHOBHBIE (pemepHble) TepMOJWHAMUYECKHE XapaKTEPUCTUKU
M3y9aeMbIX PAaCTBOPOB.
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