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Electroconvection and Ionic Drift in Dielectric
Liquids
Eddy Velocity and the Liquid Material Constant M

Lecture Note

1 Motivation

When a dielectric liquid is subjected to a strong electric field, two competing transport mecha-
nisms occur simultaneously:

(i) Ionic conduction: free ions in the liquid drift under the direct force of the electric field.

(ii) Electroconvection (eddy motion): the interaction between the conduction current
and the electric field can produce bulk fluid motion — circulating eddies within the lig-
uid, analogous to the way a magnetic field drives motion in a conducting plasma (the
electrohydrodynamic analogue of the MHD Alfvén speed).

Both effects are field-driven, but they scale differently with the applied field E. This note
derives the eddy velocity and the ionic drift velocity, and combines them into a single material
constant M that characterizes the liquid independently of the applied voltage.

2 Ionic Drift Velocity

The ionic drift velocity is proportional to the applied field:
Vi=KE

where:

e K = mobility of ions in the liquid,

e I/ = applied electric field.

This relation is the liquid analogue of Ohmic drift: the ions simply move at a speed propor-
tional to the local field, scaled by how mobile they are in that medium.

3 Eddy Motion (Electroconvection) Velocity

The eddy motion speed is given by:
Ve =Ey/e2/p

where:

e F = electric field,

e &9 = permittivity of the liquid,

e p = liquid density.

This form is structurally identical to the Alfvén speed V4 = B/,/mp in magnetohydrody-
namics — here the electric field and permittivity play the role that the magnetic field and
permeability play in MHD.



4 Defining a Field-Independent Material Constant M

The physical goal is to define a constant M that characterizes only the liquid (through K, eo,
p), independent of how strong a field is applied.
Taking the ratio of the two velocities:

_Va KE
N V; FE 62/[)
The field E cancels exactly, leaving:
M=K |2
€2

M depends only on the intrinsic properties of the liquid: ion mobility K, density p, and
permittivity es.
5 Physical Interpretation

M represents the ratio of ionic drift transport to electroconvective (eddy) transport, independent
of the applied field strength.

e A high M means ionic mobility dominates over the electroconvective response — charge
is carried mainly by ion drift.

e A low M means the eddy (bulk fluid) motion becomes comparatively more significant
relative to ionic drift.

6 Summary

Quantity Expression
Ionic drift velocity | Vg = KE
Eddy velocity Ve =E\/ea/p
Material constant | M = K+/p/e2
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