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Abstract—The effects of interfacial convection were quantitatively investigated at high Rayleigh numbers
(5 %107 < Ra < 1.5x10'), when a solute was transferred through membrane. A theoretical model for mass transfer
was suggested on the basis of the flow patterns which had been observed by shadowgraph. It was assumed that tur-
bulent mass transfer in the present system was controlled by two mechanisms: (1) steady state molecular diffusion in a
thin layer and (2) unsteady convection of buoyant elements in its adjacent layer. The generation periods of buoyant ed-
dies were correlated by the Rayleigh number. By relating these results with the model, a correlation for the Sherwood
number was obtained as a function of the Rayleigh number, the thickness of a whole fluid layer and the thickness of a
diffusion layer. The thickness of a diffusion layer was found to be almost constant. The present experimental results
were well represented by the following correlation.
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Table 1. Sample on experimental results.

Rayleigh Individual Periodic  *Diffusion Layer
Numbet Coefficient  Time Thickness
Ra [-) k [cm/sec] t, [cm] 8 [cm]
1.20 > 1010 7.91 x 104 11 0.0216
9.85 % 108 6.90 x 104 19 0.0213
7.21 x 108 5.80 x 104 40 0.0210
499 x 108 5.15x 1074 60 0.0213
220 x 108 4.72x 104 82 0.0263
2.01 x 108 4.35x 104 100 0.0204
Y.10 x 107 4.00 x 10~ 123 0.0208
6.00 < 107 3.81 x 104 210 0.0235

* Calculated from the equation (15)
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NOMENCLATURE

A Area (cm?)

A, : Effective Area (cm?)

C . Concentration (g/cm?)

C* Concentration in equilibrium with other
phase (g/cm?)

D Diffusion coefficient (cm?/ sec)

g Gravity constant (cm/ sec?)

K, : Overall mass transfer coefficient (cm/ sec)

k . Individual mass transfer coefficient (cm/ sec)

k . Average individual mass transfer coefficient
{cm/ sec)

L : Fluid depth (cm)

1 : Membrane thickness (cm)

m : Distribution coefficient (C,,,/C " 4;)

N : Mass flux (g/cm? sec)

w

w

Ra : Rayleigh number based on flux[g(Z—é)N

A
L3/ D4
Ra, : Rayleigh number based on boundary layer
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thickness
Sc¢ : Schmidt number (v/ D)
Sh . Sherwood number (kL/ D)
t . Time (sec)
| : Contact time (sec)
L . Exposure time (sec)
V. : Volume (cm?)

Greek Letters

. Constant [see equation(5))

: Constant [see equation(19)]
Boundary layet thickness (cm)

. Diffusion layer thickness (cm)

. Dimensionless time (1,D/ L?

. Surface concentration shape factor

. Viscosity (g/ cm sec)

. Kinematic viscosity ( u/p )

: 3.14159

. Density (g/ cm?)

: Tortuosity factor

: Surface tension (dyne/cm)

QN ® AT R XD, R

Subscripts

. Initial state
: Phase 1

: Phase 2

. Acetone

N =S

sistast M25W MH2E 19874 4

Interface
Membrane phase
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