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INVESTIGATION OF THE DIFFUSION OF TWO GASES EQUALLY DILUTED
WITH DIFFERENT BALLAST GASES

Both liquid and gaseous mixes have significant significance in numerous natural and artificial processes.
This elucidates the comprehensive examination of such systems in a diverse array of various applications. The
presence of several processes of heat and mass transfer in gas mixtures without an interfacial boundary in the
system causes the emergence of thermoconcentration gravitational fluxes, resulting in density inhomogeneity
of the medium. Isothermal diffusion in helium and methane gas mixtures in a stationary medium of propane
and nitrous oxide ballast gases at various pressures has been experimentally studied. It is shown that in
systems where the two main gases helium and methane were diluted with propane, and then helium with
propane, and methane with nitrous oxide, a repetitive unstable diffusion state of varying intensity occurs with
increasing pressure. The effect of the diluent gas on the transfer of two main gases in three-component and
four-component systems is significant, since the ballast gas can either accelerate, slow down, or leave the
diffusion mixing process unchanged. The comparison between experimental and calculated data on the
Stefan-Maxwell theory shows a noticeable difference between them.

Key words: convection, diffusion, ballast gas, multicomponent gas mixtures.
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Typni 6annactbl rasgapMeH TeH, CYUbIITbIIFAH €Ki ra3aplH, sMddy3nAcbIH 3epTTey

CyMbIK »oHe ras Tapisai Kocnanap KenTereH TabWFM KIHe KacaHApl NpouecTeple MaHbl3abl pen
aTKapaTbiHbl benrini. byn myHAan Kyenepai KoNAaHyAblH KEH ayKbIMbIH/A XKaH - }aKTbl 3epTTeyre MyMKiHAIK
bepeni. Myhene dasaapanbiK WeKapacbl »OK ra3 KocnanapbiHAa OipHeLle Kbly XoHe macca aamacy
npouecTepiHiH, 60ybl Kbly KOHLEHTPAUMACBIHBIH FPaBUTALMANBIK afblHAAPbIHBIH Naiaa 6onybiHa aKeneq,,
*KaHe fie ByN opTaHblH ThbIfbI3AbIFbIHbIH BipTeKcizairiHe akeneni. Fennihi MeH MeTaHHbIH, ra3 KocnanapblHAaFbI
M30TEPMUANBIK AMDPY3nA nponaH MeH as30T OKCUAiHIH, 6annact rasfapbiHbiH 9P TypAi KblCbIMAafbl
KO3Fa/IMalTbiH OpTacblHAA 3KCNepuUMeHTanAbl Typae 3epTrendi. byn »KymbicTa eki Heri3ri ras reauin meH
MeTaHAbl NPOMNaHMeH, COAAH KeNiH rennii NponaHMeH aHe MeTaHAbl a30T OKCUAIMEH CYMbINTKAH Xyhenepae
KbICbIMHbIH, }KOfapbliaybIMeH 9pTYPAI KapKbIHAbINbIKTaFbl KalTanaHaTbiH TYPaKCbI3 Anddy3nanbik Kyi nanaa
HonaTbiHbI KepceTinreH. bannacT rasabiH YW KOMNOHEHTTI aHEe TOPT KOMMOHEHTTI Kylenepaeri eki Herisri
rasfblH, TacbiMasAaHyblHa acepi alTapabikTai, elTKeHi bannact rasbl AMddY3UALIK apanacTbipy NPoLeciH
KblNOAaMAATYbl Hemece BanynaTybl HEMece e3repiccia Kanablpybl MyMKIHAIT Typanbl antbinFaH. CoHaal-ak,
CredaH-MakKkcBenn Teopusacbl BolblHWA Taxipubeni xaHe ecenTenreH AepekTepdi CanbiCTbipy OnapapiH
apacblHAafbl aNTapbIKTalk anbipMallblbIKTbl KepceTea,.
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Investigation of the diffusion of two gases equally diluted with different ballast gases

Kak KuaKkue, Tak M rasoobpasHble CMECUM WrparoT BaXKHYH POJb BO MHOTMUX ECTECTBEHHbIX W
MCKYCCTBEHHbIX NMpoLeccax. ITo AaeT BO3MOXKHOCTb BCECTOPOHHE N3YUYNTb TaKMe CUCTEMbI B LUIMPOKOM CMeKTpe
NpPUMeHeHnn. Hannynme HeCKoNbKMX NPOLLECCOB TEM/I0- U MaccoOOMeHa B ra3oBbix cmecax He3 mexdasHon
rpaHuLbl B CUCTEME MPUBOAWUT K BO3HMKHOBEHMIO TEPMOKOHLEHTPALMOHHbIX FPaBUTALMOHHBIX MOTOKOB,
NpUBOAAWMX K HEOAHOPOAHOCTM NAOTHOCTM cpedpl. B AaHHOM paboTe 3KCNepMMeHTasbHO WM3yyeHa
nsotepmmyeckan anddysma B rasoBbiX CMECAX refiMii U1 MeTaH B HEMOABMXKHOW cpede 6annacTHbIX rasos
NponaHa M 3aK1MCK a30Ta NP PasNUYHbIX AaBneHMsAX. [ToKa3aHo, YTo B CMCTEMaX, FAe [B8a OCHOBHbIX rasa resmi
M MeTaH pa3baBiANMCL NPOMAaHOM, a 3aTeM Tefinii - MPOMNaHOM, @ METaH - 3aKUCbo a30Ta, C NOBbILEHNEM
[aBNeHusa BO3HMKAET NOBTopsAtoLLeecs HeycTonunsoe aAnddy3MoHHOe COCTOAHNE Pa3IMYHOM MHTEHCUBHOCTY.
BanaHue rasa-pa3baBuTens Ha nepeHoc ABYX OCHOBHbIX ra30B B TPEXKOMMOHEHTHOM M YETbIPEXKOMMOHEHTHOM
CUCTEMAX CYLLECTBEHHO, TaK Kak 6annacTHbI ra3 MOMXET UAM YCKOPWUTb, MW 3aMeannTb, UAKM OCTaBuTb b6e3
nameHeHuns Andody3MoHHbIM NpoLEecc cMelleHus. MNpoBeaeHHOe CpaBHEeHNE MeXK Ay OMNbITHbIMKU U PaCYETHbIMM
AaHHbIMM No Teopun CTedaHa-MakcBe1a NOKasblBAET 3aMETHOE OT/IMUYME MEKIY HUMM.

KntoyeBble cnoBa: KoOHBEKUMA, ANPPy3mna, 6annacTHbIM ras, MHOrTOKOMIMOHEHTHaA ra3oBas CMecCh.

Introduction

In the study of multi-component diffusion in
gases, the occurrence of structured convective flows
in certain conditions was discovered, the imposition
of which on the proper molecular transfer leads to
diffusion instability, i.e. mechanical imbalance of the
mixture. The manifestation of this instability in the
diffusion process was first observed in the study of
the thermal effect in three-component gas mixtures in
the Loshmidt diffusion apparatus [1]. Further studies
of the diffusion process in isothermal multi-
component gas mixtures at elevated pressures in a
double-collar apparatus also showed a molecular
transfer disorder and the appearance of powerful
convective flows significantly exceeding diffusion [2,
3]. The appearance of convective flows in a closed
device, such as a two-collar apparatus, could be
explained by the manifestation of "Tour effects” or
the influence of hydrodynamic flow, due to the
diffusion bar effect, was not productive [4]. The
causes of convection, or more precisely of free
gravitational concentration convexity, could be
explained within the framework of the linear theory
of stability, allowing to identify types of mixing of
gases [5, 6].

In solving practical problems in multi-
component mass transport, the so-called ballast gas
method is often used to diffuse several gases through
a diluent gas layer. This method is preferable because
the diffusion instruments and the procedure of
experimentation remain the same as in the
measurement of conventional diffusion coefficients
[7]. If by its diffusion properties the ballast gas is
close to one of the main ones, then in mutual diffusion
the dilution gas plays the role of the movement
indicator of the entire mixture, which allows to
measure the resulting hydrodynamic flow. In the
ballast gas method, the two main diffusing gases are
diluted by the third, through which the mass transfer
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is carried. And ballast gas as an indicator allows to
describe the features of the diffusion process. An
experimental study of gas mixtures with ballast gas
showed that, by choosing the diluent gas
appropriately, the diffusion mass transfer of the main
components could be accelerated, slowed down, or
kept unchanged [9-11]. Thus, the results of the
experimental study of diffusion in ballast gas systems
suggest that the effect of the diluent gas on the
transfer of the two main ones is significant.

Further study of the concentration convection
caused by mechanical imbalance with ballast gas
showed that increased pressure affects the occurrence
of the area of stable diffusion and unstable convective
mixing. Moreover, the direction of the ballast gas
flow depended on the pressure [12-13].

In connection with the above, the focus of this
paper is on the experimental study of the diffusion of
two gases equally diluted by different ballast gases at
different pressures. Diffusion in a mixture of helium-
propane gases in a fixed medium of ballast gas
(dilution gas) was studied. Initially, both the main
diffusing gases of helium (top cylinder) and methane
(bottom cylinder) were diluted with propane, and then
with propane and nitrogen oxide, i.e. two systems
were studied:

1) 0.570He+0.430C,H, —0.580CH, +0.420C,H,

and
2) 0.575He +0.426N,0 —-0.425C,H, + 0.574CH, .

Method

This article presents the results of the study of
the dependency of the concentration of diffused
propane on the pressure. The experiments were
conducted using the two-collar method [6-8]. The
volume of the appliance was the same and amounted
to 62.0 cm?. The length and diameter of the diffusion
channel were 63.1 mm and 4.0 mm, respectively. The
duration of all experiments at 298.0 K was 1 hour.
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The experiments were carried out in the range of
pressures from p = 0.4 MPa up to p = 1.2 MPa.

Results and Discussion

Figure 1 shows the change in the concentration
of the ballast gas - propane in the upper cylinder of
the diffusion apparatus depending on the test pressure
for the system

0.570He +0.430C,H, — 0.580CH, +0.420C, H,

(system 1). Here are the results of the calculations of
the concentration of propane from pressure according
to the Stefan-Maxwell equations (point line). The
calculations were made with a pressure range of 0.2
MPa.

044
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Figure 1 — Change of the concentration CsHg in the
0.570He +0.430C,H, —0.580CH, + 0.420C,H,

system's upper cylinder depending on the pressure
(points are the results of the experiment, a pointed
line is the theoretical calculation)

As you can see from this figure, in system 1,
during the diffusion mixing process, the
concentration of propane in the lower cylinder
increased by 0.054 moles (the initial concentrations
of propane in the bottom and upper cylinders were
equal) when the pressure increased to p = 0.5 MPa.
Further pressure increases leads to a decrease in the
concentration of propane in the lower cylinder and at
pressure p=0.7 MPa reaches a minimum. To 0.8
MPa there is again a slight but noticeable increase in
the ballast gas concentration, which then decreases to
p = 1.2 MPa. Thus, in the pressure range of 0.4 to 1.2
MPa, there is a recurring unstable diffusion state of
varying intensities, i.e. the transfer of the diluent gas
from one bubble to another with subsequent return to
the first. This feature found in ballast gas systems
indicates that the diluent gas is circulating through the
diffusion channel.

For the quantitative study of the circulation of
the diluent gas discovered in the experiment, we

modified the method of ballast gas, which usually
consisted of two main components and diluted with a
single ballast gas. In our experience, the main
diffusing gases were diluted not with one, but each
with a separate gas. These gases differed little in their
diffusion properties from the main diffusing gases.
For this experiment, the propane in the upper cylinder
was replaced with the nitric oxide that was closest to
the required condition.

Figure 2 shows the concentration of nitrogen
oxide in the second system depending on the pressure.
The conditions for conducting the experiment are the
same as for the previous system 1.

A study carried out for the system

0.575He +0.426N,0 - 0.425C,H, + 0.574CH,

showed that in the case of instability, the transfer of
nitrogen oxide significantly exceeds the amount of
propane in the diffusion of a mixture of helium and
propane into a mix of methane and propane. If in the
first system the concentration of propane in the lower
cylinder increased by only 0.054 moles (Figure 1),
then from Figure 2 it can be seen that the nitrogen
oxide concentration in the second system changed by
almost 0.24 moles. Thus, if you identify the propane
in the upper cylinder of the first system with the
nitrogen oxide in the same cylinder of the second
system, the amount of propane is approximately
0.196 moles smaller than the nitric oxide, i.e. the
difference is very significant.
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Figure 2 — Change of the concentration N>O in the
0.575He +0.426N,0 —0.425C,H, + 0.574CH,

system's upper cylinder depending on the pressure
(points are the results of the experiment, a straight
line is the theoretical calculation)

As shown in Figure 1 and 2, the change in the
concentration of diffused propane and nitrogen oxide
from the pressure is similar, starting from 0.5 MPa the
propane concentration decreases, then from 0.7 MPa
there is a slight, but a noticeable increase in the
propane concentration and further increase in
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pressure leads to a decrease in the amount of diluent
gas passed by p=1.0 MPa. A similar change in
nitrogen oxide concentration is observed in the four-
component system

0.575He +0.426N,0 - 0.425C,H, + 0.574CH,,

for which the observed feature is more noticeably
expressed. The results of the diffusion study in the
ballast gas systems under investigation indicate that
the effect of the diluent gas on the transfer of the two
main gases is significant. By choosing the appropriate
ballast gas, you can either speed up, slow down, or
leave the diffusion mixing process unchanged.

The resulting experimental data indicate that the
circulation of ballast gas allows to maintain the
unstable nature of multi-component diffusion for a
long time, slowing the transition to stable mass
transfer. At the initial stage, the role of convection is
great, the transfer of components is significant and the
experiment allows to quantify it. The replacement of
propane with nitrogen oxide in the second system also
indicates the occurrence of an unstable diffusion
process. The transfer of nitrogen oxide at the expense
of its own concentration gradient (molecular transfer)
compared to the transfer by convection can be
neglected. The influence of convective flows caused
by unstable diffusion in both systems is significant.
The "unrecognized" transfer of the diluent gas in the
first system due to its circulation is significant. This
can be traced in experiments in the second system.

The presence of its own gradients in the "heavy"
components, as evidenced by the study, is minor and
the main redistribution of concentrations at the initial
stage of diffusion appears to have been mainly due to
the resulting convection.

Conclusion
Thus, the study of the  system
He+N,O-C,H, +CH, showed that in an

unsustainable diffusion process, the transfer of
nitrogen oxide is significantly greater than the
propane transfer in the diffusion of a mixture of
helium and propane into a mix of methane and
propane, since in this system it is impossible to divide
the propane flows in opposite directions. This
suggests that in a system He+C,H,-CH, +C,H,

during an unstable process, the diluent gas (propane)
circulates through the diffusion channel from one
column to another, continuously participating in the
process. In the lower cylinder, propane is transported
by a convex flow, the density of which is greater than
the average density in the mixture, and in the upper,
by a flow of density less than the mean density. The
data indicate that the circulation of ballast gas enables
the unstable nature of diffusion for long periods of
time. The process in this case is self-organized (self-
reproduced). Such self-sustainment continues as long
as the main diffusing gases (helium and methane) at
a sufficient concentration of propane contribute to the
formation of structures leading to unstable diffusion
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