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Summary

We derive a formula of the concentration Rayleigimber for isothermal membrane transport

processes. The formula include diffusive permegbilcoefficient ¢us), concentration

polarization coefficient #,) and solution parameters: densitg), (kinematic viscosity 1),

diffusion coefficient Dys). Coefficientsais and 3, were determined for configurations A and B

of the single-membrane cell system, which consiatédt polymeric membrane and glucose in
0.2 molll' aqueous ethanol solutions. In configuration A watas placed in compartment
above the membrane and the solution below. In gordtion B the arrangement of water and

solution was reversed. The results of calculatioowed that critical value of concentration

Rayleigh numberR.) in configuration A is(R*),, = 277.1 and in the configuration B —

crit.

(R%), =225.2.

Konwekcyjna niestabilncsé Rayleigha-Benarda: sgzeniowa liczba Rayleigha

dla procesow izotermicznego transportu membranowego
Streszczenie

Wyprowadzono formgt dla stzeniowej liczby Rayleigha dla proceséw izotermiczngo

transportu membranowego. Formuta zawiera wspotdkyprnzepuszczaln@i dyfuzyjnej,

ks, WSpOtczynnik polaryzacji teniowej (9.) oraz parametry roztworuestasé (o), lepkaic



kinematycza (1), wspétczynnik dyfuzji Dws). Wspotczynniki aks oraz 9, okrelono dla
konfiguracji A i B komorki jednomembranowej, ktGrawierata ptaskmembrar polimerows i
roztwor glukozy w 0,2 mdl* wodnym roztworze etanolu. W konfiguraciji A wodmieszczono
w przedziale nad membraa roztwor — pod membranW konfiguracji B kolejnéc¢ ustawienia
wody i roztworu byta odwrotna. Otrzymane rezultghpkazup, ze krytyczna wart@

stezeniowej (R)) wynosi (R, =277,1 aw konfiguracji A{R?),, = 225,2.

Key words: membrane transport, concentration boundary lanaural convection, concentration

Rayleigh number.

Stowa kluczowe transport membranowy;egeniowa warstwa graniczna; konwekcja swobodna;

stezeniowa liczba Rayleigha

1. INTRODUCTION

Passive membrane transport in membrane systemdioial and artificial) generated by
concentration gradient leads to the concentratimmbary layers (CBL) formation on both
sides of horizontally or vertically mounted memteda-7]. These layers are regions in the
external solutions, adjacent to the membrane imted and act as pseudo-membranes in series
with the physical membrane. Consequently, they camse substantial reductions in the
transmembrane flows [8-13].

The study of the CBLs formation may be performedthe artificial systems in
terrestrial conditions, using the single- or doumlembrane osmotic-diffusive cell. The
directly observed effects of CBL creation in diffat configurations of a single-membrane
system are: curves of interference stripes in tka aear the membrane received on Mach—
Zehnder interferograms [5,17], changes in the velland solute fluxes [11,12] and in the
diffusive membrane potential [15].

Gravitational effects on transmembrane volume adfdtes flows of the nonelectrolyte
and electrolyte solutions in single-membrane sysigare reported in previous papers
[11,12,14]. From these papers, results that the influence ef dghavitational field on
transmembrane transport manifests itself in Rakldigylor instability [6,11], rectyfying and

amplifying properties of osmotic and solute fluxe$,12] and gravielectric effect [15]. These



findings were interpreted in terms of a gravitasibmstability, which leads to reduction
boundary layer dimensions and increases the peilitgaiefficient (Q,.) of the complex

system: boundary layer/membrane/boundary layer.éVlequations of the transport through a
horizontally mounted membrane were presented in,1P11 In these equations a

concentration-gradient Rayleigh number was usedyTtound transition from stable to

unstable behaviour when experimental parameteiseelxa critical Rayleigh number.

The mechanism of the natural convection generaticm horizontal fluid layer heated
from below has been one of the primary problemfiuid dynamics since Bénard made first
guantitative experiments to examine the conditimnghe pattern appearance [18]. Rayleigh
[19] made a theoretical analysis by modelling Bdisaexperiments and proved that the
thermal convection is induced by gravitational afmsiity of the motionless thermal
conduction state when a dimensionless paranigt@emperature Rayleigh number) exceeds

a critical valueR; . Rayleigh [19] and Taylor’s [20] analysis and msgbsequent papers [21-

23] are framed in terms 0d@/0T), the density change with temperature. The lirgability
theory proposed by Rayleigh explained the mecharoérthe occurrence of the thermal
convection and was proved to be valid and very ulsdfater, Pearson [20] noted that
gravitational instabilities could be driven bgp(0C), the density change with concentration.
The concentration Rayleigh number is defined asZb
_ga.p.d*
Dv
whereg is the gravitational acceleratiaththe fluid depth along the gravitational (z) diient

Re (1)

a. =(0p/0C)/ p the variation of density with concentratiofi, = dC/0z the concentration

gradient,D the solute diffusion coefficient and kinematic viscosity.
The paper is organized as follows. In sections @ &nwe obtain the formula of the

concentration Rayleigh number for isothermal meméré&ransport processes. The formula
include diffusive permeability coefficientys, concentration polarization coefficienf, and
solution parameters (densijy, kinematic viscosityy; diffusion coefficientDys). In Sections 4,

5 and 6 we present the experimental procedure With results on the concentration
characteristic of solute fluxes, the concentratidmaracteristic concentration polarization

coefficients of CBL/M/CBL complex. Coefficienteas and , were determined in single-

membrane cell system which consisted a flat polign@embrane and glucose in 0.2 fibl

aqueous ethanol solutions. Configurations A and fBsiagle-membrane cell system in



gravitational field were studied. In configuratiérwater was placed in compartment above the
membrane and the solution below. In configuratiath@arrangement of water and solution was
reversed. The predictions of our theoretical madelcompared with the experimental data. Our

study we summarize in Section 7.

2. MEMBRANE SYSTEM

Let us consider the configurations A and B of tingle-membrane system represented in Figure
1. We assume that this membrane system in botligcmafions contains ternary, non-ionic and
heterogeneous (not mechanically stirred) solutigeparated by an isotropic and symmetric
membrane (M) of thickness In both configurations the membrane has horizignteiented
planes and the respective concentration gradieatardiparallel and parallel to the gravitational
force. The transport processes are isothermal tatidrsary and no chemical reactions occur in
the solutions. In this single-membrane system watdrthe dissolved substance diffusing across
the membrane will lead to the formation of concatien boundary layers (CBL). In this steady

state system, the layels and |} of thicknessd, and J; (superscripti=A, B pertain to

configurations A and B) are formed on both sidethefmembrane. These layers can be treated
as pseudo-membranes. The implication from the alsotreat the concentrations of solutions at

the membrane-layers interfaces are different froiwsé in the outside layers (in the bulk
solutions). We denote respectively B, C4 (in configuration A) and byCS and CJ (in

configuration B), the concentrations of solutiohsterfaces: membrane/concentration boundary
layers, while the concentrations of solutions algsthe layers are denoted By and Cg,

(C4#>Cy), (s=1, 2). For configurations A and B and for aojutions, the following relations hold
C,>C2>CP>C,, C,>CAL>Cs>C, )

Besides, for solutions whose densities are prapuati or inversely proportional to their
concentration, the following relations are fulfdlaespectively

Cy>Cy>Cy, Cy>Cy>Cy &)

Ci>Cg>Cy, Cy>CL>Cy )
The membrane is characterised by the hydraulic @albifity (Lp), reflection (o) and diffusive
permeability ¢, ) coefficients. The solute fluxes across membraeelanoted byl and JZ .
The reflection and diffusive permeability coefficie of the complexes: concentration boundary

layer/membrane/concentration boundary layéy/Ni/1* and 1°/M/1?) are denoted byr?,



o2, Q and Q. respectively. The solute fluxes across the coxeglé” /M/1} and1®/M/17
are denoted byl and J2, respectively. The layerk®, I?, |2 and|® are characterised by
diffusive permeability coefficients(arl),, (af),, («f), and («f), respectively. The solute
fluxes across layer*, 1?, 1 andl® are denoted by}, J, 4 andJZ , respectively.

The basic manner of description of membrane tramgpocesses of non-homogeneous
non-electrolyte solutions, originated from non-diguum thermodynamics of irreversible
processes, is the modified Kedem-Katchalsky modebhton [12]. In the case of osmotic-
diffusive membrane transport of ternary non-eldgteo solutions this model consists of

equations
Jo = RTZZII(%(Ckh_Ckl)+J\l/(1_Zé0-s)Cs %)
k=1

where J. and J! are the solute and volume fluxes, respectivllyjs the product of the gas
constant and thermodynamic temperatu@, and C, (with Cy4>C,) are higher
(superscript) and lower (superscrip} the bulk solution concentrationaj, is the diffusion

permeability coefficient of the membrane fth substance, which passes across membrane,

under the influence of gradient of thketh substance osmotic pressure difference
(w, =w,C,[C,') and gk=1, 2, ...,n; ¢} (0<{} <1) is the concentration polarisation
coefficient, Q. = ¢, is the diffusion permeability coefficient of theraplex I, /M/I; for

sth substance, which passes across comg|e¥(I;) respectively, under the influence of
gradient of thek-th substance osmotic pressure differehgeis the hydraulic permeability
coefficient of the membraneg, is the reflection coefficient of the membrang, = .o, is
reflection coefficient of the of the complexl /M/I; for sth substance,
C.=(Cl-chyIn(Cl'/Cl)} =(C! +C!l)/2 is the average concentration of solution forghe
th substance,n¢1)-th component is a solvent, for whieh,, = 0.

For situation in which membrane separate the dils@utions the following relation is
fulfilled

RTZ le%(ckh - Ckl) >> ‘]\I/ (1_Zé0-s)65 (6)

On the base of equations (5) and (6) for membrgsie presented in Figure 1 we can

write



3, =RTY (@), (Cy ~Cy) @

Jo = RTZ(%)h(Ckh -Cy) (8)
3, =RTY ¢/, (Cy ~Co) ©

where J., J. and J. are the solute fluxes across the lajjerthe layerl, and the complex
| M/}, respectively;(a,), and (a).), are the diffusive permeability coefficients of tlager
|| and the layer; , respectively;C.,, C. are the concentrations of solutions at interfaces:

membrane/concentration boundary laye®; and C, are the concentrations of solutions

outside the CBLs.

The diffusive permeability coefficient§a).),, w.and (a,),, can be expressed as
follows [28]

_ D!
(o) = (RTTS;' (10)
|
= s @
(@), = Ol (12)

where (D), ,D,. and (D,,), are the coefficients of solute diffusion in trayer |, in the
membrane M and in the lay&r, respectively;d,, J,, and d;, are the thickness of the laykr,

the membrane M and the layler, respectively.

For coefficient{! the next relation is valid

. s . a ”
N {“ RT“’S{(D;). ) (D;)J} 49

The non-diagonal coefficients are smaller by twdeos of magnitude than the diagonal
coefficients [12]. Thus, here is the basis of réidac of equations (7) — (9) accepting

where s=1 or 2.

(a)i21)l << (a)]i.l)l ' (a)ZIi.Z)I << (a)iZZ)I ! (a)i21)h << (a)]i.l)h ' (a):li.Z)h << (a)iZZ)h’ a)Zl << a’!l.l and

Wy, << U, -



3. EQUATION FOR RAYLEIGH NUMBER

For the concentration boundary layérsand |, equations (1) can be written in the following

forms
N 9(a@) (B (8)°
(R), = (DL)v, (14)
N 9(a@) (B (8)°
(R)y = (DL, (15)

where g is the gravitational acceleratiq@,), and (J.), are the concentration boundary
layers (; andl; ) thickness,(D,.), and(D,,),are the solute diffusion coefficients in layéls
andl., v, and v, are the kinematic viscosity coefficients1, 2. (al), =(dp, /0Cy)" / p,
and (al, = (0p, /19C,,)' I p, represent the variation of solution density witnfoguration and
concentration, whilg(3.), = (0C, /92)' and (B.), = (0C,, /0z) represent the concentration
gradient along the vertical axis, respectively. Wige!), (3.), and (a.),(5.), are negative,
i.e., the near membrane layer is denser thandh@llbeneath it, convective instability occurs
when (R)), and (R!), exceeds a critical value. This convection redusear membrane

layers thickness, thereby increasing transmembralene and solute fluxes.

For (al),(B.), and(al),(B.),the following relations hold [11]

@), (B, =LA (16)
0.9

(@l), (B, =L Pn (17)
0,9,

where p' and p|, are the densities of solutions at interfaces: niandiconcentration boundary
layers.
In order to estimatg — o, and o, — o\, in steady-state, in which the condition is
fulfilled
Iy =35 =, (18)

we will make following consideration.



If we include equations (7), (8) and (9) in equatf®8) fors=1, 2 we will obtain

relations
C; -Cy =n(Cq, -Cy) {19
Csh_C;h =,(Cq, —Cy) (20)
where y, _RTdw.0 = m (D), and(D.), are the diagonal coefficients of

(L), ~* (DY),

s-th substance diffusion in the layéfsand|, , respectively. Combining equations (14) — (17)

we obtain
i :0|i — P g(di)S
= = 21
(R) o (D &)
N _ Ph Py 49(6)°
.= o 22
(R) Pn (Dg)nVh (22)

Let as assume that, in a steady state, the diffiusefficient in the solution does not depend

on both gravitational direction and solute concatidn

(DS), =(Dg)y = Dy (23)
and for complex ofl| /M/1! , in steady-state, the following conditions ardilfati
(R) =(R), =R (24)
Assuming that the thickness of both boundary lageesthis same and using equation (13) we
can write
g=o=—2= |14 25§
2RTwg | ¢,

For small concentration the dependence of densityomcentration is linear, so

n

0
p=p,+3 LT, (26)

wherep andp, are densities of solution and solvent respectj\aatyg Op/0Cs)=const.

For ternary solutions equation 26 we can writeoifofving form

4 S E Zia) 00
p —p=RTJ %(—j(c -Cy) (27)
| | SZ:;, DL |acC, sh o
4 - E Zia) 00
p-p. =RTO, %(—j(c -C,) (28)
h h; DL |aC, sh o



Introducing the equations (19), (20), (26) and ltarg layer thickness in the form (25) into

equations (21) and (22), we obtain the relation

i - 0p i 1_5;)3
=0 1-{,)(Cy, —Cy = 29
R {;(ackj( 2 )} 7 (29)
where [, = 9(Ds)" :
16/0(RT)* ()’

We have obtained equation describing the concémtr&ayleigh number for isothermal
passive transmembrane transport processes. Theaguedn be used to calculate the critical

value of Rayleigh number in any gravitational cgofiation of a single-membrane system.

4. MATERIALS AND METHODS

Studies on diffusive flows across a horizontallyemied membrane were carried out by means
of the measuring apparatus whose detailed deseriptis been given in previous papers [11].
Experiments were performed with flat shBlephrophane (cellophane) dialyzer membrane. The
membrane was housed between two Plexiglas vessalh, with a volume of 200 ml, with
3.3620.2 cm of available membrane area. An additional supmmmsisting of a large mesh
screen on each side of the membrane, was use@uenprbuckling or tearing of thin dialysis
membranes. The stirring speed in each chamber @edaimed at approximately 500 rpm using
independently controlled stirrer motors. One ofsets of the membrane system contained
aqueous glucose and/or ethanol solution at vawedentration. This vessel was attached to a
calibrated pipette, which allowed to measure theme with accuracy +0.5 minThe second
vessel in all experiments contained pure waters Vassel was contacted to an external reservoir
at the same height as the pipette. Values of dmesport parameters of this membrane for
glucose (subscript 1) and ethanol (subscript 2)faltewing: L, = (5.0:0.2) 10" m*M"s?,
01=(6.8:0.2)110%, 0> =(2.5+0.1)71C%, ;=(8.0+0.3)710"° mol™™'s?, ap, = (2.06:0.08)10™
molM™’s?, w» = (8.1£3.5)10" molM’s") and ap= (1.63:0.60§110" molN™'s* . Suitable
values of density #) and kinematic viscosity) of solutions are listed in Table 1. From this

table results that boghand v increase linearly with increase ALC;. Each experiment was

performed for two gravitational configurations betmembrane system: first, with water in the

vessel above the membrane and the solution belowfigaration A); second, with these



positions reversed (configuration B). All experirteewere performed at constant temperature T
=(295+0.1) K.

Evaluation of the global concentration changefiedolution was performed by standard
isotope method. The measured value of the globaiesdration exchanged@/dt) was used to
calculate the solute flux}d on the basis of following equation

3i= Y[ 9C (30)
sUdt )y

whereV, is the volume of the measuring vessel 8nslthe membrane surface area (superscript
i=A, B pertain to configurations A and B). Measuretseof J. for both configurations were

performed according to the following procedure. Tilst step involved the measurement of the

solute flux in the membrane system by means of arechl stirring of the solution at 500 rpm.
After achieving the steady state during whidli was constant, stirring was stopped, and
subsequently the evolution of solute flux was messup to the steady state, while the was

constant. The same procedure was followed for gordtion B.

5. RESULTS

5.1. Time dependence of solute flux

A plots of the time dependence fd} in configurations A and B of the membrane systerthe
case of a 0.05 milif glucose in 0.2 aqueous ethanol solutions aghrophane membrane are
presented in Figure 2. Line 1, common for both igoumétions, contains the results obtained
.under conditions of thorough mechanical stirrimgd shows thatd; is independent of
gravitational configuration of the single-membraystem. Curves 1A and 1B, obtained for

configurations A and B respectively, demonstratt the J; values for both configurations

differ (J;* # J2). The evolution of thel? to the J/* or J? is a reflection of the process of

formation of concentration boundary layers on [sidles of the membrane.

10



5.2. Concentration dependencies of solute flux

The results of measurements of glucose flUx) (are shown in Figure 3. In this figure the
dependencies al; = f (AC, for solution of glucose in 0.2 nibt aqueous ethanol solution are
presented. The curves 1A and 1B in Figure 3 wermirdd when the solutions were
mechanically unstirred, whereas curve 1 in thigrégrepresented the dependedfe= f (AC, )
obtained with the solutions being left mechanicatlyred at 500 rpm. These curves show a non-
linear dependencies &* = f (AC, gndJ° = f(AC, )in configurations A and B, respectively.
In contrast, when the solutions were mechanicdillyed, J” was directly proportional té&\C,

and independent of system configuration. Similaults for ethanol flux were obtained.
The concentration polarization coefficient of singlembrane system can be defined by

the following expressions

PRRE
! =(—oj (31)
J s /31 =0,Am =const.

where J? and J. are the solute fluxes through a membrane and @mf{l/M/1},
respectively €1, 2;i=A, B). The coefficients ¢, and ¢, were calculated on the basis
ofJ2,J;, J9, J, and are presented in Figure 4. Our investigatiodigate that the values of

the coefficients¢, and ¢, for binary solutions are independent on the satetecentrations

and dependent on the configuration of the singleabrane system. Then, the values of these
coefficients for ternary solution are dependent lmosth the solute concentration and

configuration of the single-membrane system.

5.3. Concentration dependencies of coefficientd and ¢} for ternary solutions

In Figure 4 the dependencies of coefficiedtsand ¢} (i=A, B) on concentration differences

of glucose AC;) were presented with constant concentration diffee of ethanolAC,) for
configuration A (curves 1A and 2A) and configurati® (curves 1B and 2B). From curves 1B

and 2B presented in this figure results, that \@lokcoefficients?®> and ¢ are initially

constant and amoun®®=¢2=0.031 and next fromC; = 0.025 moll* increase linearly, to

11



value ¢£=0.5 and{ 2= 0.4. ForAC;>0.05 molll, ¢ and {2 are constant. From the curves

1A and 2A presented in this figure results, thduesa of coefficients?,* and ¢,' decreases
non-monotonically from value 0.5 to 0.03 and from390to 0.028. Moreover, from Fig. 3
comes out that curves 1A and 1B criss-cross in fwnt: ¢°=¢/=0.203 and
AC;=0.0338 mdll' and curves 2A and 2B in the point{f=¢2=0.117 and
AC; = 0.0314 mdlI*. From Table 1 follows that the density of a 0.083@&I"' glucose in 0.2

agueous ethanol solutions is almost the same astyleh water.
5.4. Calculation results of the Rayleigh Number R} )
For ternary solution (s=1, 2) the equation (29) lsanwritten in the form

R =0, EE(%’}@—G)(% -¢,) +[§ij(1—z;)(czh -c, )}(1‘; : j (32)

9(D,,)* _
16pv(RT)*(a,)*

Taking into consideration of above equation, theueslof parameterg,* and {°

wherel, =

presented in Figure 4, valueséndv listed in Table 1 and constant valuegjef 9.81 nis?,
D11=0.69<10° m*S*, D2, =7.6x10° m°§1, R= 8.31 Jhol' K™, T =295 K, a;= 8x10™° moll
Y5t p=2x10"° molN™tE!, p,=998 kds® v,=1.01%10° m’S?, AC,=0.2 moll*,
do! &,=0.06 kdgmol™, Jp/dC,=-0.0095 kghol™, the concentration Rayleigh numbgf (i
= A, B) for A and B configurations of single-membeacell system were calculated by means
of Mathcad 2000 professional. The selected restiltsloulations of Rayleigh NumbeR()
were presented in Figures 5 and 6.

In Figure 5 the dependenciesRf (i = A, B) on the concentration difference of glucose
(AC,) were presented, with a constant concentratichergiice of ethanolAC,=0.2 moll*)
for configuration A (curve 1A) and configuration (Burve 1B). From curve A we note that
R/, for AC,<0.02 moll* is independent ofAC,. For AC,>0.02 moll', R, increases and for
AC,=0.0334 mdll* it reaches a maximal valueR( )ma=277.1. Moreover, foAC,>0.0334
moll*, R decreases non-monotonically and &€,=0.034 mall*, R* = 0. If AC,>0.034

molll*, then R <0 (e.g. forAC,=0.06 molll', R*=-1.8x 1F). Form curve B it results that the

12



value of coefficientR? increases non-monotonically from negative valeesi&ximal positive
value (R?)ma=225.2 for AC,=0.0356 mdll'. For AC,>0.0356 mdll', R? decreases non-
monotonically to value, which is independentg, for AC,> 0.045 mdll*. The curves A and
B criss-cross in the pointR*=R"=135.3 andAC,=0.0338 mdll>. For AC,<0.036 moll’,
RP <0 (e.g. forAC,=0.06 molll", R? =-1.9x 1) and if AC,=0.036 mall*, then R? =0.

In the Figure 6 the dependenciBs on (1-¢,)%/({,)*are shown. The results illustrated

by curves 1 and 2 were obtained for configuratiénand B of single-membrane osmotic-
diffusive cell, respectively. The curves 1A and 1Bnow that dependence

R = f[(1-¢})*/(¢])?%] attain maximum(R?),.., =277.1 for 1—-¢)%/(£*)*=65.2 (in the

case of curve 1A) an@R}),, =225.2 for 1-°)%/({)%=35.1 (in the case of curve 1B).

For  @-7)%N(¢H)°=181.4 and (1-7°)°/(°)%=106.2, R'=R?=0. For
A-2M%1(¢)%>181.4 and@-Z°)* 1(¢2)*>106.2,R" <0 andR’ <0, respectively.

6. DISCUSSION

Form the experimental data presented in this paseits that in the case of mechanically stirred
ternary non-electrolyte solutions solute flux isedtly proportional to solution concentrations
and does not depend on orientation of membranenaasurement chamber with solution,
relative to vector of gravitational force. In thase of mechanically unstirred ternary non-
electrolyte solutions solute flux is a non-lineandtion of one solute concentration in solvent
when the other solute concentration is constant strmhgly depends on the sequence of
solutions relative to the horizontal membrane daton and also on solutions’ composition.
Similar results for electrolyte solutions were at¢al [29].

The results of studies on diffusive flows illustihié Figure 3 and studies of osmotic
flow presented in previous paper [11,12] indicdted for someAC; andAC,, both diffusive

and osmotic flows of ternary solutions are not deleel on configuration of single-membrane
osmotic-diffusive cell. It means that for diffusiftews, the relation],*=J7 should be fulfilled.
From Figure 3 results that the curves 1A and 1Bsetross in a point which has co-ordinates

AC;=0.0345 mdll', AC,=0.2 molll' and J;*= J2=1.37%10° molhs™. From Figure 4 results

that curves 1A and 1B criss-cross in a point whits co-ordinates?,*=¢°=0.203

13



(R}=267.2, R®=187.4) andAC;=0.0344 mdll'. But for (R"), . =277.1,¢;*=0.199 and for

max.

(RP) e =225.2,2=0.234. From Table 2 follows that the density @.6345 mdll" glucose
in 0.2 aqueous ethanol solutions is almost the sasraensity of water. In the situation when

(RY) e =277.1 andAC;=0.0334 mall!, J;/=1.52¢10° molm?s™. In this case, a point with

these co-ordinates may determine the moment dfitiam from convectional to unconvectional

state andR’") .., =277.1 may have sense of critical value of cone¢iotr Rayleigh number in

max.

configuration A of single-membrane osmotic-diffiesivcell. In the situation when

(RP), ., =225.2 andAC;=0.0356 mdll', J2=1.66x10° molis™. In this connection, a point

with this co-ordinates may estimate the moment rahdition from non-convectional to

convectional state andR?), . =225.2 may have sense of critical value of conediotr

max.

Rayleigh number on configuration B of single-memieraosmotic-diffusive cell. But both
(RM)arit, =277.1 and R? )qir, =225.2 are far smaller thaR, for the thermally driven instability,
which lies in the 1000-2000 range. From paper [3@pears that for membraneous

electrodiffusion in a range of concentration 601 molll*, (R.)erit lies in a 11.6116 range.

For convection induced by concentration gradienta ihorizontal layer of a multicomponent
fluid (R.);, =19.35 [31].

Moreover, on the basis of Figure 3 and 4 and Tabie can be estimated that for

configuration A (J)),, =(1.52:0.08%10° molm?s?, (AC),, =(0.0334:0.005) moll*,

crit. crit.

(7)), =(0.19%0.06) and (Ap.),, =(0.006:0.001) kdh> Then, for configuration B

crit.

(JF),, =(1.66:0.08)x10° molm?s?, (AC?),,, =(0.03560.005) moll*,

crit.

((5) i =(0.234:0.06) and (Ap)S, =(0.1370.001) kgh®. These observations can be

crit
examined in terms of gravitational stability ortatslity of CBLs. In configuration A natural

convection appears whenR*<(R)ei. =277.1. This condition we obtained for:

AC,<(AC),,, =0.0334 mall*, ¢A>({f),, =0.199, J<(3]),, =1.5210° molm?s* and

crit. crit.

Ap <(Dp),.. =0.006 kgih>. Next, in configuration B natural convection apedor

R?<(RP)qir=225.2. This condition we obtained for:AC?>(AC?)_, =0.0356 mdl’,

crit.

{2>(72),,, =0.234,3F<(3}),, =1.66x10° mol*s* and Ap>(Ap) 2, =0.137 kg,

The results of studies, presented in our paper, beymportant to understand the

influence of gravitation force on the cell physigyo The gravitation force may influence on
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biological cells in a direct and indirect way. Ditky, this force influence on cell’'s organelles
and macromolecules, which play a function as geaeptors [32]. Whereas, indirectly — by
provoking physico-chemical changes inside a celmely, hydrodynamic instabilities and
pattern formation in a cytoplasmic medium in tetis¢sconditions [33]. The change of
conditions for membrane transport across biologioaimbranes is a reason of organism
reaction for microgravitation state. Lack of sedmtaion and convection in microgravity
reduce the gradient of substrates like nutrientd amygen in a cell. Therefore, in
microgravity on a border cell-solution may occuraefes of potential and concentration
favour creation boundary layers [34]. Then, ingellhere speed of using up oxygen and
nutrients is greater than speed of diffusion, matatm may be substantially distorted. The
effects of spaceflight observed in various typesno€roorganisms and single plant and
animal cells have been reviewed extensively by Gagud Gminder [35]. No satisfactory
explanation for these effects has been offeredasoBased on theoretical considerations,
Mesland [36] suggest that mechanism of direct actibgravity could be: focusing via cell
networks, amplification via non-linear dynamic gmtand suppression of bifurcation in non-
linear dynamic systems. In particular, the biolagjistate transitions may have windows of
gravity dependence. In these windows, a minimaktiwh uni-directional gravity would be

required for an effect.

7. CONCLUSSIONS

1. The experimental data presented in this paperatalithat gravitational force has essential
influence on solute flow non-electrolyte solutidghsough horizontally mounted membrane

in a single-membrane osmotic-diffusive cell. Saotmembrane/water system was
examined both with solutions less dense, and witlitisns more dense, than watdt. was

substantially larger with the denser liquid (sauatior water) above the membrane. This
observation was explained in terms of the grawiteti stability or instability of CBLs at the

membrane-liquid interfaces. Through an extensiorRafleigh-Taylor stability analysis,

density gradients were linked to a concentratioyldigh number R.).
2. The presented method of evaluation the concemraRayleigh number I'\Q‘S) for the

isothermal membrane transport, requires deterromaif diffusive permeability 4x) and
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concentration poIarizatioer) coefficients, diffusion coefficient for solute solution Dy,

density ) and kinematic viscosityf for solutions. The data of the concentration Bigyi
number make it possible to observe the kinetitiefdolute transport through the membrane
and the concentration boundary layers. It is knotkat this number defines transition

conditions from pure to convective diffusion.
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FIGURE CAPTIONS

Fig. 1. Graphic illustration of the configuratioAsand B of single-membrane cell system with
concentration profile. M, membrane}, — thickness of membrand,, 12, 1° and I -
concentration boundary layers in configurationsd 8; 6", J;', J° and d7 — thicknesses of
CBLs; C, and C,— global solution concentration§;, C,, CS and CS — local solution
concentration in configurations A and B2, J2, J% and J° — volume and solute fluxes across
the complexl, /M/1; (i=A, B) in configurations A and B, respectively? , J, J5, 2, J°
and J¢ — solute fluxes across the membrane (M) and laygr”, I° andl® in configurations
A and B, respectivelyw,., Q. and Q; — diffusive permeability coefficients of membraaed
complex: boundary layer/membrane/ boundary layes),, (af),. (), and (af), -
diffusive permeability coefficients of layeds', 1, 1° and |? in configurations A and B,
respectively.

Rys. 1. Graficzna ilustracja konfiguracji A i B konki jedno-membranowej z profilem
stzeniowym. M — membranag, — grubé¢ membrany;1*, 12, 1® oraz I?— stzeniowe
warstwy graniczne w konfiguracji A i By, ., 3° i d° — grubdci CBL; C, oraz C,—
globalne stzenia roztworéw,C/, C%, CE orazC’ — lokalne sgzenia roztworéw odpowiednio

w konfiguracjach A i B;J%, J%, J2 oraz J° — strumienie okjosciowy i substancji

rozpuszczonych przez komplek}s/M/I,‘1 (i=A, B) odpowiednio w konfiguracjach A oraz B;
JA 38, 35, JE 8 oraz IS — strumienie substanciji rozpuszczonych przez mamigM) i
warstwy 1%, 1%, 1° oraz1? odpowiednio w konfiguracjach A oraz By.,Qp. and Q2 —
wspoétczynniki  przepuszczaltm  dyfuzyjnej membrany i  kompleksu  warstwa
graniczna/membrana/warstwa graniczr@y),, (wbh),, (@), i (@), — wspotczynniki
przepuszczalnigi dyfuzyjnej warstwl?, 12, 1 and1® odpowiednio w konfiguracjach A i
konfiguracjach.

Fig. 2. The dependencies df = f(t for glucose solution with concentration 0.05 fifoln

0.2 moll* aqueous ethanol solution and for the configuratidr(curvelA) and B (curve 1B).
The line 1 was received for the system with meat@mixing of solutions; the curves 1A and
1B — for the membrane system without mechanicaingix

Rys. 2. Zalgncici J) = f(t) dla roztworu glukozy o steniu 0,05 mdll* w 0.2 mollI* wodnym

roztworze etanolu dla konfiguracji A (krzywa A) i(Brzywa B). Prost 1 otrzymano fla ukfadu
Z mechanicznym mieszaniem roztworow; krzywe 1A i-dBlla ukladu membranowego bez
mieszania mechanicznego.
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Fig. 3. The dependencie3; = f (AC, fdr glucose solutions in 0.2 nib! aqueous ethanol

solution and for the configurations A (curve 1Adda (curvelB). The line 1 was received for
the membrane system with mechanical mixing.

Rys. 3. Zalendéci J, = f(AC,) dla roztworéw glukozy w 0,2 midf wodnym roztworze

etanolu dla konfiguracji A (krzywa 1A) i B (krzywaB). Lini¢ 1 otrzymano dla ukladu
membranowego z mieszaniem mechanicznym roztworow.

Fig. 4. Glucose concentration dependencied,ofcurve 1A and 1B) and, (curve 2A and 2B)

(i = A, B) in 0.2 maIl* aqueous ethanol solution in configuration A (csrié and 2A) and in
configuration B (curves 1B and 2B).

Rys. 4. Zalgnoici ¢, od stzenia glukozy (krzywe 1A i 1B) oraZ, (krzywe 2A i 2B) (= A,
B) w 0,2 moll* wodnym roztworze etanolu dla konfiguracji A (krwiA i 2A) i dla
konfiguracji B (krzywe 1B i 2B).

Fig. 5. The dependencieR = f (AC, df a glucose solution in 0.2 nid} aqueous ethanol

solution for configurations A (curve 1A) and B (earlB) calculated on the grounds of equation
(32).

Rys. 5. Zalenosci R = f (AC,) od stzenia glukozy w 0,2 mél* wodnym roztworze etanolu
dla konfiguracji A (krzywa 1A) i B (krzywa 1B) olaizone na podstawie réwnania (32).

Fig. 6. The dependencid®. = f[(1-{))%/(¢))® of a glucose solution in 0.2 nidl aqueous

ethanol solution for configurations A (curve 1A)daB (curve 1B) calculated on the grounds of
equation (27).

Rys. 6. Zalgnaoici R. = f[(1-{))%/(¢})*] dla roztworu glukozy w 0,2 migit wodnym

roztworze etanolu dla konfiguracji A (krzywa 1ABi(krzywa 1B) obliczona na podstawie
rownania (27).
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Table 1. The values of densi)( kinematic viscosity), for different values of glucose
concentration differencéC,) in 0.2 moll* aqueous ethanol solutiohGy)

Tabela 1. Warti gestasci (0), lepkaci kinematycznej i), dla rznych wartdci skzenia
glukozy (AC;) w 0.2 mollI* roztworze wodnego etanolaCy)

o{kg/nT) VL mé/s)

ACl (mOHIIl) AC2=02 (moml)
0.000 996.0 1.049
0.005 996.3 1.051
0.010 996.6 1.053
0.015 996.9 1.055
0.020 997.2 1.057
0.025 997.5 1.060
0.030 997.8 1.062
0.035 998.1 1.064
0.040 998.4 1.066
0.045 998.7 1.068
0.050 999.0 1.071
0.055 999.3 1.073

0.060 999.6 1.075
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