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Abstract — In the present study, the correlation of mass transport induced by natural convection in a horizontal porous layer
has been derived theoretically. The coefficients appearing in the theoretical correlation were determined by experimental data.
In the experiment, the mass transport of copper ions in CuSO,-H,SO, solution was conducted by the electrochemical tech-
nique controlling diffusion and natural convection. The theoretical correlation for mass transport in a horizontal porous layer
satisfying Forchheimer's flow equation was based on the microturbulence model. The resulting equation was proportional to
the 1/2 power of Darcy-Rayleigh number as the magnitude of buoyancy forces increases. For the electrochemical system of
copper ions, the mass transport correlation induced by natural convection is proposed as
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The present correlation looks fairly reasonable by comparing experimental results, and very promising for the applications of
its prototype into various systems involving heat transfer as well as mass transfer, effectively.
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(b) transport of copper ions in electrostatic fields

Fig. 1. Schematic diagram of a porous layer saturated with CuSO,H,SO,
solution.
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Fig. 2. Experimental setup for electric circuit.
1. Anode(copper) 4. Reference electrode
2. Cathode(copper) 5. Potentiostat/Galvanostat
3. Porous media with electrolyte 6. PC
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Fig. 5. Photograph of copper-deposited surface by SEM.
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Fig. 6. Variation of Sherwood number with respect to Darcy-Rayleigh
number.

B AToHE OEA WEdEd dE BAAE JHNE olEH
7 fuala, 7|38 hae $8 A9S B o8 AHE X
b5l A2ATAL Forchheimer RS W&dhe #H04
Hzol hatel, ARTFR] o3 2FRGFR 0] v FFED el
A 24 Schmidt 49} Darcy-Rayleigh ¢ ¥ FAHUT
ol BAAY AFME a7 -atgade] A71seAel et
o] SRR e TEAFe] FelolRe] ARA il AR
o A AFHoz AT AP 9 ZAIe Forchheimer
o) $E20] 2AF Zdae st o] W FETE ¢
Tk B a7 28 2RAY dH2e] ¥ Yol & &
ATkEA fAS0] EFFoE 849 YT o= JuEd. =
AAFAAe] fErHe AH A7 de) HEE F UorE,
ooz Tkt thd fAlZl tiEk AgAEAe) 2] 7 A
oz welt wEhy B A7) Z2A4EL 949 B 23]
visl= 7k sletEAdia AdAiRel 9 AeF 45 ¥ A4
Aolel gleir 22l &2 F g Aol

A2

: concentration [mole/cma]

: mass diffusivity [cm?/s]

: diameter of a porous medium [cm]
: Faraday constant, 96485 [C/mol]

: gravitational constant [cm/sz]

: current density [A/cm?]

—m me g n

k, :individual mass transfer coefficient [cm/s]
L - characteristic length, or cell depth [cm]

P : pressure [dyneicmz]

r : mole fraction

Ra,, :Darcy-Rayleigh number, KgBACL/(Dv)

Sc, :porous medium Schmidt number, VL/(bKD)
Sh : Sherwood number, k L/D

t : time [s]

X, ¥, z : Cartesian coordinates [cm]

agsjola 2t

: volume expansion coefficient [cm3/m01e]
: diffusion boundary-layer thickness [cm]

: porosity

: Kolmogrov length scale [cm]

: Talyor length scale [cm]

: kinematic viscosity [cmzls]

: density [g/cm3]
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