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Abstract−− This contribution focuses on the 
analysis of the role of Joule heating on the hydrody-
namics of systems where buoyancy is an important 
driving force. Typical examples are electrokinetic 
applications for soil cleaning and macromolecules 
separation. In particular, the region of interest for 
this study is the zone near vertical-rectangular elec-
trodes. The analysis is conducted for boundary layer 
flows due to natural convection as a result of heat 
generation caused by the applied electrical field. A 
numerical solution of the differential model equa-
tions yields the temperature profile, the boundary 
layer thickness, and the component of the velocity 
field along the axial and transversal directions of the 
electrode. Effects of the heat generation on tempera-
ture, velocity profiles and boundary layer thickness 
are simulated and discussed. The results of the 
analysis allow a better assessment of the role of Joule 
heating on the hydrodynamics of the system near the 
electrode.  

Keywords−− Hydrodynamics, Joule heating, 
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I. INTRODUCTION AND MOTIVATION 
Joule heat generation, due to the electrical resistivity of 
the media, is a common feature of many processes when 
an applied electrical field is present. Examples of these 
applications includes electrokinetic soil remediation and 
electrophoretic separation. These promising technolo-
gies are in need of more understanding of the different 
fundamental flows and driving forces controlling the 
process during operation (Acar et al., 1995; Masliyah, 
1994). Different arrangements, of the same technology, 
tend to favor different and specific mechanisms that 
usually drive the mass transfer and/or the hydrodynam-
ics of the system. Moreover, the intrinsic complexity of 
the associated transport mechanisms in these applica-
tions inhibits the scaling of conceptual designs to field 
practices (Virkutyte et al., 2002; Ho et al. 2002). There-
fore, in this contribution we focus on the analysis of the 
effect of Joule heating generation on the flow situation 
found in the hydrodynamic boundary layer near the 
electrode region. For example, in an electrokinetic cell 
there are two main regions of interest; they are the 
treatment zone and the electrodes zone (Oyanader, 
2004). The treatment region has received some attention 

(Oyanader et al., 2003; Oyanader, 2004; Oyanader et 
al., 2005a, Oyanader et al., 2005b) but the region near 
electrodes is less studied in the literature. This last one 
becomes the focus of attention in technological applica-
tions where the location of the chemical reaction and/or 
the point of fluid extraction are near the electrodes. 
Electrokinetic remediation methodologies, in which this 
particular zone is a key for technology success, are for 
example cation selective membrane, ceramic casting, 
electrochemical ion exchange and specific cases of La-
sagna process (Acar et al., 1995). As a consequence, 
knowing the hydrodynamics of the system in such an 
important region is highly desired. Furthermore, it is 
useful to know the relative effect of the transport 
mechanisms that come into play when greater differen-
tial potentials are applied. Among these mechanisms 
are: the convective and buoyancy forces not yet fully 
studied in the literature. 

In general, misconceptions about the ability of elec-
trical based field applications in yielding good results 
under particular field conditions are the consequences of 
little fundamental research on the engineering science 
part of systems. Several variables are reported as con-
trolling removal or separation efficiency. To some re-
searchers, water content as well as pH is believed to be 
responsible for process efficiency (Virkutyte et al., 
2002; Yeung et al., 1997). In particular, this is the case 
of ceramic casting where, in a controlled volume of con-
taminated soil, buffer solution is added to ensure a con-
stant value of water content and pH. However, there is 
another important controlling variable; this is the Joule 
heating effect which is equally responsible for affecting 
removal efficiency, although not necessarily well under-
stood (Oyanader et al., 2003; Oyanader, 2004; Oy-
anader et al., 2005a; Oyanader et al., 2005b; Yeung et 
al., 1997, Erdmann et al., 2005).  

Currently in the literature, there is a lack of agree-
ment as to how the Joule heating phenomenon would 
affect the process behavior. For example, several au-
thors have reported the development of high tempera-
ture on electrokinetic processes of soil remediation dur-
ing operation. One of them, further reports that the elec-
troosmotic mechanism seems to be affected when tem-
perature rises and as a result low process efficiency is 
obtained (Yeung et al., 1997). Conversely, increase of 
temperature is reported to be beneficial to the fluiddy-
namics of hydrocarbons-containing fluids in that their 


