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Abstract—Experiments on natural convection mass transfer adjacent to upward-facing inclined plates were
performed by employing an electrochemical technique. For this purpose copper electrodes and an aqueous
solution of cupric sulfate and sulphuric acid were used under limiting currents. Experiments showed that
the Rayleigh number marking the onset of secondary flow in the form of vortex rolls in the primary natural
convection varies markedly with the angle of inclination, decreasing with increasing departures from vertical,
and that the vortex wavelength is almost independent of the surface inclination.
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Fig. 1. Typical current/potential curve.
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Fig. 2. Effect of electrode height on limiting current den-

sity.
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Fig. 3. Experimental devices.
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Fig. 4. Typical electrode deposit on an inclined cathode plate.

Table 1. Critical Rayleigh number and standard deviation

a Ra,, o Ra,, c

20 1.9X10* 3.35%x 107 - -

30 4.8X107 5.05% 10° 102X 10" 144X 10°
35  295X107 3.0X10° 1.02Xx 10" 144X10°
47  1.26X107 2.5%10° 3.34x10° 34X10°
50 8.24X10° 2.95%10° 1.32x 10° 1.4 X108
60 3.84X10° 1.07 X 10° 502x10°  1.12Xx10*
75 1.2X10° 2.32X10° 1.96X10° 2.85X 107
85 7.9X10° 1.77X10° 8.16 X107  2.85%107
90  1.81x10° 3.1x10¢ 434X 170_ 755X 10°
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: local Rayleigh number,

NOMENCLATURE

: concentration of transferred ion at the

electrode-solution interface [mol//]

: concentration of transferred ion in the

fluid bulk [mol/]

: diffusion coefficient [cm?/s]

: Faraday constant [Coulomb/mol]
:current density [mA/cm?]

: limiting current density [mA/cm?]

: local mass transfer coefficient [cm/s]

: valence or charged number

:mass flux due to convection, diffusion

and migration [mol/cm?s]

: total mass flux [mol/cm?s]

g(p,—p)x®

povD

: critical Rayleigh number for the longitu-

dinal vortex roll

: critical Rayleigh number for turbulent

flow

: Schmidt number, v/D

: transference number of cupric ion

: mobility [cm?mol/]-s]

: transverse velocity [cm/s]

: location on electrode from the leading

edge [cm]

Greek Letters

a
al

Subscripts

tinclination angle from vertical plate
: densification coefficient of species i [I/

mol]

: vortex wavelength [mm]

: kinematic viscosity [cm?/s]

: electrostatic potential [mV]
:density at the interface [g/cm?]
: density in the fluid bulk [g/cm®]
: standard deviation

: critical state
: interface

: fluid bulk

: local quantity
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