
LETTERS TO THE EDITOR 

Discussion of “Double diffusive natural convection in a vertical rectangular 
enclosure-l. Experimental study” 

THE AUTHORS present the results of a series of carefully 
conducted double-diffusive experiments in a tank with sim- 
ultaneous horizontal gradients of temperature and con- 
centration [I]. The occurrence of a row of convection cells 
in the experimental tank was clearly exhibited by the use of 
Schlicrcn photography. 

The experiments were carried out using an electrochemical 
system with a CuSO,-H2S0,.H,0 solution. The presence 
of HSO, is necessary to prevent ionic migration down the 
electrical potential gradient. The concentration of CuSO, 
ranges from 0.015 to 0.05 mol 1 ’ (1.2-4.0 g I-‘), and that 
of H,SO, is 1.5 mol I-’ (75 g 1 ‘). With such a large con- 
centration of H,SO, (compared to that of CuSO,) in the 
solution, any nonuniformity in its distribution may generate 
a triple-diffusive situation. All available evidence points to 
such a conclusion. 

Wilke el ul. [2] state that “cathode reaction and migration 
effects result in a net movement of sulfuric acid toward 
the interface”. Selman and Newman [3] calculated the mass 
transfer and shear stress along a vertical electrode in a 
CuSO,-H,SO, solution by using the similarity method to 
solve the boundary layer equattons. They found that the 
concentration increase of HzSO, at the cathode is 45”/u ot 
the bulk concentration of C&SO,. (Using the method pro- 
posed by Wilke PI crf.. Seiman and Newman obtained a value 
of 3S%.) This increase of H,SO, con~ent~tion was shown 
to reduce the convective velocity by approxi~dtely IO%. 
Eventually, this mom concentrated solution will be brought 
by the How around the corner to lay on top of the bulk fluid, 
and vice versa at the opposite corner. This process continues 
throughout the entire duration of the experiment. 

According to Cole and Gordon [4]. the diffusivity of 
CuSO, in an aqueous solution of H$O, is approximately 
6 x 10 ” cm2 s- ’ for a 0.31 equi~leilt of copper sulfate in a 
I .O equivalent of sulfuric acid. The diffusivity of H$SO, is 
reported by James (‘I ~rl. [S] to be approximately 2 x 10. ’ 
cm’s ‘, more than three times as large as that for CuS04. 
Together with thermal diffusion (- IO-.’ cm’s ‘), a triple- 

diffusive system is at hand. We note here that a sugar and 
salt solution with diffusivities that differ by a factor of 3 is 
a common Inedium for double-diffusive experiments. With 
H?SO, participating in the diffusive convective process, the 
concentration measurements made by light attenuation tech- 
niques may be in error because the background concen- 
tration of HISO, can no longer be assumed to be constant. 

There is no doubt that the electrochemica] system exhibits 
a host of interesting flow phenomena. However. in order 
for us to understand the mechanisms responsible for the 
occurrence of such phenomenon, the role played by CuSO, 
and H,SO, must be correctly taken into account. 

C. F. CHIW 
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Author’s Reply 

As WAS pointed out by Professor C. F. Chen, the present 
experiment should he considered as a triple-diffusive con- 
vection. which should include the hydrogen transfer in 
addition to the thermal and cupric-ion transfers in a strict 
sense. However, it can be approximated by a doubie-diffusive 
convection by combining the hydrogen ion diffusion and the 
cupric ion diffusion into a single solutal diffusion based on 
the following facts. 

(I) The solutal density change in the present study has 
included both the density changes by Cu’+ gradients and 
H + gradients 
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where T is the temperature, C the Cu’+ ion concentration, 
and H the H+ ion concentration. The H and C are related 
to the ratio of the mass transfer coefficients of cupric sulfate 
to that of sultItric acid, which is fiow dependent [I]. As 
Professor Chen pointed out, buoyancy decreases approxi- 
mately 10% due to the H’ contribution (the second term on 
the right-hand side in equation (2)). 

(2) The diffusivity ratio of hydrogen ions to cupric ions is 
roughly 3.3 [2]. The ratio of boundary layer thicknesses 
would be approximately 1.3 according to the laminar bound- 
ary layer analysis. The ratio is, however, significantly small 
compared to the ratio with the thermal boundary layer thick- 
ness. 

bT 
j_ > 6 [I]. 


