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A study has been made of the "diffusion — gravitational convection™ transition boundary in an
argon-nitrogen binary system at different pressures and a constant temperature gradient. Research
relative influence two gradients (concentration and temperature) to the density gradient. In a
binary system with an unstable stratification of the density observe two mixing regimes - diffusion
and convective mass transfer. It has been shown that in the case of isothermal and non-isothermal
mixing, the diffusion process is stalled at one and the same pressure. The convective mass transfer
becomes less intensive in the presence of a temperature gradient.
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A spontaneous penetration of one substance into another is a phenomenon known as diffusion,
which frequently occurs in nature and engineering, facilitating an equalization of the concentration
gradient in a given volume. The rate of mixing depends on the heat motion of molecules; the
smaller the molecular weight and the higher the temperature, the shorter the time of full mixing.
More intensive mixing can be achieved with the convective mass transfer, which is implemented by
force or by provision of special conditions for flows of matter arising due to diffusion processes.

The oceanographic investigations, which were performed in the latter half of the last century,
revealed "salt fountains™ [1, 2] representing water regions with a clearly marked density boundary.
The laboratory studies [3, 4] demonstrated.that, because of temperature and salinity gradients and a
slower horizontal transport of salt as compared to the heat transfer, long narrow convective cells
moving alternately up and down are formed.in‘the bulk of the liquid. This convective motion was
called "double diffusive convection” [5] or gravitational convection. Double diffusive convection
appears in a liquid if two conditions are fulfilled, namely, the liquid contains two or more
components with different diffusion coefficients and these components should make opposite
contributions to the vertical density gradient [6, 7]. Investigations into melting of ice blocks [8] and
the evolution of ice coats of ponds [9] showed that, upon exposure to solar radiation, denser
freshwater remains beneath ‘thinner seawater, flowing over some slightly sloping vertical layers
formed under the-mutual effect of the temperature and salinity gradients.

Studies of the thermo-effect in ternary gas mixtures revealed irregular oscillations of the
temperature in the diffusion apparatus [10, 11]. Later investigations of isothermal ternary gas
mixtures‘showed that double diffusive convection is possible not only in systems with a stable
stratification of the density, but also in systems with a negative density gradient [12—15]. Studies on
manifestations of the mechanical equilibrium instability in non-isothermal conditions are many
fewer, and they deal with the condition of a stable stratification of the mixture density. Therefore, it
seems. reasonable to explore the alteration of the "non-isothermal diffusion — gravitational
convection” regimes with an unstable stratification of the density in the simplest mixture, namely, a
binary system. In this case, two (concentration and temperature) gradients are formed, making
opposite contributions to the vertical density gradient. Therewith, conditions for the mass transfer
typical of double diffusive convection are observed.

This paper reports experimental data on the processes of mixing in the Ar — N, binary gas
system with a temperature gradient and, also, presents a theoretical analysis of the stability of the
gas mixture under study.
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The experiments were performed by the two flask method, which is widely used to determine
diffusion coefficients in a wide range of temperatures and pressures [16, 17]. The two flask
installation consisted of two basic components and thermostat, Fig. 1 [18]. One of the components
was a gas preparation unit made up of a set of needle valves (1-10) for filling of the temperature-
controlled flasks with initial gases from the cylinders A and B, a tank (12) equalizing the pressures
in the flasks, and control pressure gages (11).
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Fig. 1. Experimental arrangement. (1)-(10) valves; (11) reference pressure gages; (12) equalizing tank;
(13) bottom flask; (14) diffusion capillary; (15) top flask; (16) thermostat.

The second component of the installation was the diffusion apparatus itself. It consisted of two
controlled flasks (13, 15) with preset volumes V, and V) equal to 62.8-10° m® which were
connected through a capillary (14) of radius r = 2-10~> m and length | = 63.9-10™> m. The heavy gas
Ar was placed in the top flask-at a temperature of 283.0 + 0.1 K, while the light gas N, was poured
into the bottom flask at a temperature of 343.0 + 0.1 K. A study with the top and bottom flasks of
the diffusion apparatus held at a temperature of 295.0 + 0.1 K was conducted for comparison.

The experimental procedure on the installation was as follows. The capillary between the flasks
was stopped, one of the flasks was evacuated using a backing pump, then this flask was washed
several times with the corresponding gas from the cylinder, and finally it was filled with the gas to
the experimental pressure. An analogous procedure was applied to the other flask. The gas pressure
in the flasks of the apparatus was read against reference pressure gages (11). The absolute
experimental pressure was the sum of the atmospheric pressure, which was determined by a MBP
manometer-barometer, and the excess pressure read by a reference pressure gage. As soon as the
installation reached the preset temperature regime, the pressure in the flasks was equalized through
a special tank (12), and the excess gas was bled to the atmosphere through a valve (7). Then the
capillary (14) was opened, and the experiment start time was noted simultaneously. In a certain
period of time (960 s), the apparatus flasks were isolated, and the gases were analyzed in a
chromatograph. The experimental values of the concentrations were compared with the
corresponding calculated values on the assumption of diffusion [19]. If the experimental and
theoretical values of the concentrations coincided, non-isothermal diffusion occurred in the system.
If these values were considerably different, the mass transfer was implemented as free convective
flows.
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The experimental data can be conveniently presented as the parameter o = —2-. It is seen from

Cteor
Fig. 2 that, up to some pressure, the parameter « is on the order of unity. Hence, even with an
unstable stratification of the mixture density, conditions for molecular diffusion can be formed in
this mixture. Starting from a pressure p~0.5 MPa, the parameter « increases linearly with

growing pressure.
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Fig. 2. Pressure dependence of the parameter a.. The symbols o, m, ‘A, and A denote the experimental data
for argon and nitrogen in stable and unstable states in the case of non-isothermal mixing. The symbols ©
and @ refer to the isothermal process. The solid_line corresponds to the calculations made on the
assumption of diffusion.

In this situation one can suggest the presence of free convective flows, which are due to
instability of the mechanical equilibrium of the mixture. It should be noted that in the case of
isothermal and non-isothermal mixing, the diffusion process is stalled at one and the same pressure.

As can be seen from Fig. 2; the parameter « is larger for isothermal than non-isothermal
mixing. Then the convective. mass transfer is more intensive in the absence of a temperature
gradient between the flasks. of the diffusion apparatus. This is probably due to cross effects,
diffusion, and thermal diffusion studied in [20]. One more reason is that a flow of matter, which is
caused by a temperature gradient and an opposite concentration gradient, is superimposed on the
total transfer. In other words, a mechanical equilibrium instability characteristic of double diffusive
convection is formed.

One can see that the "molecular diffusion — gravitational convection™ takes place in the case of
non-isothermal mixing at a constant temperature gradient. The experimental data on mixing in the
Ar — N, system agree with the experimental results as regards the stability boundary. A correlation
of o« from unity within the experimental error in the stable region (to the large and small sides for
argon and nitrogen, respectively) presents a distinction from mixing in a binary system under
isothermal conditions. It is probably explained by the presence of a heat flow, which acts as the
"third" component.

Thus, a study has been performed aimed at determining the boundary of transition in a binary
mixture with an unstable stratification of the density in the presence of a temperature gradient. It
was shown experimentally that two mixing regimes—diffusion and convective mass
transfer—occur in a binary system with an unstable stratification of the density. The regime is
changed at a pressure p=0.5 MPa. The intensity of the convective mass transfer is higher during
isothermal mixing than in the case of a temperature gradient, which is opposite to the density
gradient.



22

Eurasian Physical Technical Journal, 2011, VVol.8 No.1(15)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References:

Stommel H., Arons A.B., Blanchard D. An oceanographical curiosity: the perpetual salt fountain //
Deep-Sea Res. — 1956. — Vol. 3. — P. 152-153.

Gregg M.C., Cox C.S. The vertical microstructure of temperature and salinity // Deep-Sea Res., — 1972.
— Vol. 19. — P.355-376.

Stern M.E. The “salt fountain” and thermohaline convection. — Tellus, 1960. — Vol. 12. — P. 172-175.
Turner J.S., Stommel H.A New case of convection in the presence of combined vertical salinity and
temperature gradients // Proc. Nat. Acad. Sci. — 1964. — Vol. 52. — P. 49-53.

Turner J.S. Double-diffusive phenomena // Ann. Rev. Fluid Mech., — 1974. — Vol.6. - P. 37 — 56.
Hupper H.E., Turner J.S. Double diffusive convection // Journal of fluid mechanics, - 1981%:~ Vol. 106.
—P.413 - 453.

Trevor J. Mcdougall. Double-diffusive convection caused by coupled molecular diffusion // Journal of
Fluid Mechanics — 1982. — Vol. 126.

Huppert H.E., Turner J.S. Ice blocks melting into a salinity gradient // J. Fluid Mech. =1980. — Vol.
100. — P. 367-384.

Martin S., Kauffman P. The evolution of under-ice melt ponds or double diffusion at the freezing point
/[ Journal of Fluid Mechanics - 1974. — Vol. 64. — Issue 03. — P. 507-528.

Miller L., Mason E. A. Oscillating instabilities in multicomponent diffusion// Phys. Fluids. — 1966. —
Vol.9,N4.—-P. 711 -721.

Miller L., Spurling T.H., Mason E.A. Instabilities in ternary diffusion // Phys. Fluids. — 1967. — Vol. 10,
N8. — P. 1809-1811.

Zhavrin Yu.l. and Kosov V.N. Effect of temperature.on diffusion instability // Journal Engineering
Physics and Thermophysics. — 1988. — Vol. 55, Ne 1..—P.92-97.

Zhavrin Yu.l. and Kosov V.N. Stable diffusion boundaries in three-component gas mixtures // Journal
Engineering Physics and Thermophysics. — 1991. — Vol. 60, Ne 3. — P. 419-425.

Zhavrin Yu.l., Kosov V.N., Kul’zhanov D.U. and Karataeva K.K. Experimental determination of the
boundary of monotonic disturbances upon instability of the mechanical equilibrium in three-component
gas mixtures // Journal Engineering Physics:and Thermophysics. — 2002. — Vol. 75, Ne 4. — P. 80-83.
Zhavrin Yu.l., Kosov V.N. and Krasikov S.A. Some features of convective heat and mass transfer in
multicomponent gaseous mixtures // Journal Engineering Physics and Thermophysics. — 1996. — Vol.
69, Ne6.—P.977-981.

Trengove, R. D., Robjohns, H. L., Martin, M. L., Dunlop, Peter J. The pressure dependences of the
thermal diffusion factors of the systems‘He-Ar, He-COg at 300 K // Physica A. — 1981. — Vol. 108,
Issue 2-3. - P. 502-510.

Trengove, R. D., Robjohns, H. L., Bell, T. N., Martin, M. L., Dunlop, Peter J. Thermal diffusion factors
at 300 K for seven binary noble gas systems containing helium or neon // Physica A. — 1981. — Vol.
108, Issue 2-3. - P. 488-501.

Zhavrin Yu.l.,/Kosov. N.D., Belov S.M., Tarasov S.B. Pressure effects on diffusion stability in some
three-component mixtures // J.Tech.Phys. — 1984. — Vol. 54, Ne5. — P.934 — 947.

Hirschfelder J.O.,Curtiss Ch.F. and Bird R.B. Molecular theory of gases and liquids — University of
Wisconsin, 1954. — 932 p.

Trengove, R. D., Harris, K. R.., Robjohns, H. L., Dunlop, Peter J. Diffusion and thermal diffusion in
some dilute binary gaseous systems between 195 and 400 K: Tests of several asymmetric potentials
using the infinite order sudden approximation // Physica A. — 1985. — Vol. 131, Issue 3. - P. 506-51.


http://journals.cambridge.org/action/displayJournal?jid=FLM
http://journals.cambridge.org/action/displayJournal?jid=FLM
http://journals.cambridge.org/action/displayJournal?jid=FLM
http://journals.cambridge.org/action/displayJournal?jid=FLM&volumeId=126&bVolume=y#loc126
http://journals.cambridge.org/action/displayJournal?jid=FLM
http://journals.cambridge.org/action/displayJournal?jid=FLM&volumeId=126&bVolume=y#loc126
http://adsabs.harvard.edu/cgi-bin/author_form?author=Trengove,+R&fullauthor=Trengove,%20R.%20D.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Robjohns,+H&fullauthor=Robjohns,%20H.%20L.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Martin,+M&fullauthor=Martin,%20M.%20L.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Dunlop,+P&fullauthor=Dunlop,%20Peter%20J.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Trengove,+R&fullauthor=Trengove,%20R.%20D.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Robjohns,+H&fullauthor=Robjohns,%20H.%20L.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Bell,+T&fullauthor=Bell,%20T.%20N.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Martin,+M&fullauthor=Martin,%20M.%20L.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Dunlop,+P&fullauthor=Dunlop,%20Peter%20J.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Trengove,+R&fullauthor=Trengove,%20R.%20D.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Harris,+K&fullauthor=Harris,%20K.%20R.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Robjohns,+H&fullauthor=Robjohns,%20H.%20L.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Dunlop,+P&fullauthor=Dunlop,%20Peter%20J.&charset=UTF-8&db_key=PHY



