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In this article, the dynamics of pit formation during galvanic corrosion is modeled and simulated when
two dissimilar metal surfaces are in contact forming an 180� joint. As a novel advancement to the analysis
of galvanic junction currents, the galvanic corrosion is mathematically modeled as a moving boundary
problem represented by Laplace equation for electric potential in the electrolyte and activation driven
dissolution of anode surface. In addition to numerically solving for the galvanic current density distribu-
tion, we let the anode surface dissolve and perform the calculations in the pitted surface of anode. A lin-
ear model of polarization curve or the linear resistance model is applied as the activation boundary
condition at the anode and cathode surfaces. The results on progression of pit shape and current density
distribution with time are presented.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Galvanic corrosion usually occurs at a junction of two metals
with different corrosion potentials. For example, in the galvanic
series, the corrosion potential of aluminum is �0.8 V and that of
magnesium is �1.6 V in a salt solution equivalent to sea water as
measured against the standard calomel electrode. It suggests that
a net potential difference of 0.8 V develops at a junction between
magnesium and aluminum in the presence of an electrolyte or salt
solution. Hence, in a composite object made of magnesium and
aluminum parts, magnesium, which is on more negative side of
the galvanic series, becomes anode and corrodes, while aluminum
becomes a cathode and does not corrode. It is known from the
experimental data that a galvanic pit develops on magnesium clo-
ser to the junction even in a very short duration, e.g. nearly at the
rate of 0.5 mm per day in 1.6 wt.% NaCl solution. Such galvanic sys-
tems are shown to require specially designed experiments [1–3] in
an accelerated mode in order to study long term galvanic corrosion
effect and to identify methods of prevention. Galvanic corrosion ef-
fect can also be predicted from theoretical models combined with
numerical simulations for various types of materials and geome-
tries in various corrosion conditions.

Theoretical modeling of galvanic corrosion was shown to be
able to predict the current density distribution around the junction
causing pitting of anode only near the junction [4–6]. Corrosion
software such as Beasy [7] is usually used to model the phenome-
non of galvanic corrosion to optimize for cathodic protection.
ll rights reserved.
These models could predict the distribution of current density
around a galvanic junction but not the complete dynamics of pit
formation. The purpose of present numerical simulation method
is to predict the shape and dynamics of a growing galvanic pit.

Galvanic corrosion involves several coupled phenomena such as
electrochemical reactions, electro-migration, ionic diffusion, oxide
layer formation and dissolution. For modeling purpose, only gal-
vanic contribution to corrosion current is dealt with here to distin-
guish its effect in comparison to the free corrosion. Early modeling
attempts have provided an analytical solution [5,6] for the galvanic
current and potential distribution around a galvanic junction
involving two dissimilar metals kept side by side making an 180�
angle with each other and covered by a corroding solution. These
theoretical predictions were also later validated with experimental
measurement of the potential and current density across the junc-
tion [4]. Recently, semi-analytical and numerical methods [8–12]
were developed to solve for current density distribution on anode
and cathode in a galvanic couple and similar electrochemical phe-
nomena such as electro-deposition. Simulation of pitting corrosion
by cellular automaton method is also another approach [13]. Gal-
vanic corrosion is found to be better modeled with a continuum
approach than a lattice model since the curvature of the interface
is an important parameter in determining the electro-chemical dis-
solution rate.

Simulation of the dissolving anode metal and the dynamics of
galvanic pit would require solution to electrical potential governed
by the Laplace equation as the anode surface is dissolving. Hence,
galvanic corrosion comes under the category of moving boundary
problems. A number of moving boundary phenomena such as den-
drites in directional solidification [14], viscous fingers in oil–water
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Nomenclature

a width of the anode and cathode plate, m
Cn coefficient, dimensionless
F faraday constant, 96,487 C/mol
j current density, A/m2

jo maximum galvanic current density, A/m2

j⁄ current density, dimensionless
kd electrochemical dissolution equivalence, m3/C
Mw molecular weight of anode metal, kg/mol
n normal coordinate at interface, m
t time, s
t⁄ time, dimensionless
u dissolution speed, m/s
uo maximum galvanic dissolution speed, m/s
w height of electrolyte, m
x x-coordinate, m
x⁄ x-coordinate, x/a, dimensionless
z z-coordinate, m

z⁄ z-coordinate, z/a, dimensionless
a polarization length scale, m
c valency of anode metal in oxidized state
/ potential, V
/⁄ potential, dimensionless
j ionic conductivity, S/m
kn eigenvalue, dimensionless
hn angle between normal to pit interface and �ve z-axis,

rad
so time scale, s

Subscripts
a anode
c cathode
o open circuit potential
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Hele-Shaw type of flows [14] and nanopores in anodic alumina
[15] are a few examples of interfacial patterns resulting from prop-
agation of one medium into another or by phase transformation or
by surface dissolution. Galvanic corrosion is similar to the electro-
deposition phenomena in reverse where the shape changes occur
on cathode during electro-deposition while shape changes occur
on anode during galvanic corrosion. A number of modeling and
simulation approaches [10–12] are used to solve the electro-depo-
sition kinetics by a moving boundary approach and these methods
could be applied to galvanic corrosion also. In electro-deposition a
semi-analytical method [10], level set method [11], and Euler
method [12] are developed to obtain solution to the dynamics of
the cathode surface or the deposited film in a trench as a function
of time. The galvanic pit dynamics on the other hand resembles a
half-pore growing into the anode metal.

2. Modeling approach

Two dissimilar metals could be joined making 180 � Contact an-
gle with each other, as shown in Fig. 1. Such geometry does not in-
clude far field effects as in the case of other geometries of joints.
But theoretically, the numerical solution near the junction is more
important than the far field effects in estimating the concentration
of galvanic corrosion current. The metals are supposed to be of
equal width 0.5a represented as 0.5 in Fig. 1 after normalizing with
a as the length scale. The metals are covered with an electrolyte up
to a thickness of w and represented as w/a in Fig. 1. The top surface
of the electrolyte can be modeled as a no-flux condition since air
acts as an insulator. The left and right sides display a symmetry
or no-flux condition.
Zero Flux 

Cathode 0 Anode 0.5

Electrolyte

z* 

w/a 

x* 

-0.5

Fig. 1. Schematic diagram of the galvanic junction in contact with electrolyte used
for mathematical modeling.
Electrochemically, galvanic corrosion is equivalent to two met-
als at different corrosion potentials kept in contact with each other
in a conducting solution, e.g., 1.6 wt.% NaCl dissolved in distilled
water. Because of the potential difference, there would be an elec-
tric field directed from anode towards cathode in a semi circular
path. This would become clear when the exact solution to Laplace
equation is obtained as described in the following sections. There
would be a gradual variation of the magnitude of electric field
along the metal surface with highest electric field near the junction
and gradually decaying with distance from junction. The electric
field causes ions to move in the solution to maintain current be-
tween anode and cathode. If magnesium is the anode, an electro-
chemical reaction occurs as Mg ? Mg2+ + 2e� liberating Mg2+

ions into the electrolyte forming a complex or precipitate with
Cl� ions while electrons pass from anode to cathode on the metal
side. At cathode, or aluminum in this example, H+ ions form H2

gas by receiving electrons from aluminum which are supplied by
magnesium metal. During this process, there is ion transport and
redistribution of Mg2+, H+, Cl� and Na+ in the electrolyte in order
to maintain electro neutrality. The driving force for this transport
is electric field which is the gradient of potential. The electrical po-
tential in the electrolyte is governed by electrostatics described by
Poisson equation which reduces to Laplace equation Eq. (1) with
electro-neutrality assumption.

r2/ ¼ 0 ð1Þ

It is also assumed that the electrolyte is continuously stirred
and hence the concentration of the ions is uniform though there
is equal and opposite flux of oppositely charged ions. In the case
of transport-limited transients, the phenomena could be well mod-
eled by a complete set of electro-migration and diffusion equations
[16].

Modeling and specifying the boundary conditions for potential
at the anode and cathode surfaces is the most crucial part of the
problem and will require some valid assumptions. A first choice
is that the potential of each surface is approximately the same as
their free corrosion potential, /o,a for anode and /o,c for cathode
which is�1.6 V for Mg and�0.8 V for Al. But this is true only under
zero current condition. As the current begins to flow, the potential
at the metal surface has to increase or decrease depending on the
sign, which can be obtained from the polarization curve of the me-
tal in that electrolyte medium. For the purpose of modeling, we
first assume a linear polarization curve with constant slope as
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Fig. 2. (a) Schematic diagram of linear approximation of polarization curves of two
dissimilar metals. (b) Schematic diagram of potential variation between two
dissimilar metals in the electrolyte. Regions I and II are the polarized layers and the
zone in between is the Ohmic region.
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shown schematically in Fig. 2a for a hypothetical anode and cath-
ode pair. Beyond a certain applied potential, there will be acceler-
ation of anodic current, then oxide formation and passivation
events resulting in a relatively constant corrosion current with
no major increase until the oxide layer breaks down. This is usually
modeled using Tafel curves or Butler–Volmer expression with two
exponential terms representing the relationship between the over
potential and current density [17].

There are other phenomena such as electrokinetic flow where
linear polarization model is applied [18,19]. Latest studies show
that the linearized model is invalid for high polarization [20,21].
In Galvanic corrosion, the potential difference between the metal
surfaces is only of the order of 1 V since the open circuit potentials
of most metals are not far apart in common electrolytes such as
NaCl solution in water. There could be situations with large poten-
tial difference where the nonlinear polarization model may have to
be applied. Hence the present analysis with linear model would
hold good for galvanic pairs with small potential difference and
probably for micro galvanic corrosion too.

Solving the Laplace equation with such nonlinear boundary
conditions is not possible using boundary element method or the
linear solvers using finite element method which formulate a lin-
ear matrix equation for computing the solution. These numerical
solvers require the boundary condition to be in the form of current
density being linearly proportional to the over potential. To take
into consideration the features of polarization such as exponential
dependence of current density with over-potential and passivity, it
needs a robust numerical method which can take input boundary
conditions as a tabulated data. There is currently available
technical computation software like COMSOL which can solve
Laplace equation for tabulated boundary condition. In this paper,
we present the simulation results for pit dynamics based on a
linear approximation of the polarization boundary condition.

For the sake of understanding the role of various key parame-
ters, we choose a linear form of the polarization curve. Solving
the galvanic corrosion problem with actual polarization curve or
the exponential form of Tafel curve as boundary condition is not
attempted in the present work but will be explored as a future
extension. Analytical methods are possible for linear mixed bound-
ary conditions and rectangular or circular geometries. Hence, linear
polarization model is usually employed to obtain a qualitative
solution for planar [5] and circular geometry [6].

In the linear form, the over potential, which is the difference be-
tween metal potential and reference electrode potential (/ � /o), is
approximated to be proportional to surface current density j or dis-
solution rate as described in Eq. (2) and represented schematically
in Fig. 2a. Eq. (2) is a generic polarization equation for a metal and
the two slopes in Fig. 2a are to represent the dissimilarity of anode
and cathode metals in any given galvanic junction.

/ ¼ /o þ
a
j

j ð2Þ

The proportionality constant or slope is represented as a/j
where a is the polarization length scale (meters) of the metal,
e.g. aa for anode and ac for cathode and j is the conductivity (Sie-
mens/meter) of the electrolyte. The slope a/j is also referred to as
the linear polarization resistance of a metal. This polarization rela-
tionship of current versus over potential becomes the lumped
boundary condition applied at the location of reference electrode
plane instead of the metal surface as shown in Fig. 2b. So, we
would be solving for the electric potential distribution in the Oh-
mic electrolyte zone between the metals excluding the micron-
thick polarized layers shown as I and II. Such a simplification helps
to overcome the difficulty of solving the Debye layer electrochem-
istry. Also the experimental data from polarization curve could be
utilized as the boundary condition. During galvanic corrosion, the
current density j varies from point to point on the surface. Hence,
local activation potential on the metal is also a function of the local
current density giving rise to a mixed boundary condition, which is
a combination of Dirichlet and Neumann condition. Further, an-
other approximation, as shown in Eq. (3), that the ionic current
density j in the electrolyte is proportional to the local normal elec-
tric field @u/@n into the metal, is also applied to proceed further in
solving the problem.

j ¼ �j
@/
@n

ð3Þ

Such an approximation holds good when there is no concentra-
tion variation of the salt in electrolyte. Therefore, the linear mixed
boundary condition in Eq. (2) combined with Eq. (3) is now simpli-
fied to Eq. (4) which is a regular mixed Neumann boundary
condition.

/ ¼ /o � a
@/
@n

ð4Þ

Some of the implicit assumptions included in this approach are:
(a) there is no stagnation effect of ions, (b) no concentration vari-
ation of the corroding solute and (c) no oxide layer builds up at an-
ode or cathode that alters the polarization curve.

Let the plates be of equal width 0.5a each. By taking the width
‘a’ as the length scale, Eq. (4) can be non-dimensionalized to give
Eqs. (5a) and (5b).

At anode; /� ¼ 1� aa

a
@/�

@n�
ð5aÞ



272 S.K. Thamida / Computational Materials Science 65 (2012) 269–275
At anode; /� ¼ �ac

a
@/�

@n�
ð5bÞ

where /⁄ = (/ � /o,c)/(/o,a � /o,c) is the dimensionless form of po-
tential, /o,a is the anodic corrosion potential, /o,c is the cathode cor-
rosion potential, ‘aa’ is the polarization length scale of anode and ‘ac’
is the polarization length scale of cathode. ‘a’ is the length scale of
the metal extent. Potential is also appropriately scaled with differ-
ence in galvanic voltages of cathode and anode after referencing
cathode potential as zero. The boundary conditions Eqs. (5a) and
(5b) are similar for anode and cathode except that there is a step
change in base potential. Mathematically the step function is
H(x⁄) = 1 for x⁄ > 0 (anode) and H(x⁄) = 0 for x⁄ < 0 (cathode). It is
to be noted that, we obtain a variable parameter ‘aa/a’ for anode
and ‘ac/a’ for cathode metal as in Eq. (5a) which is the ratio of polar-
ization length scale to metal domain size. Similarly, we obtain a
physical parameter jo in Eq. (6b) which is the maximum current
density that would result when the maximum potential difference
of anode and cathode is applied to anode.

j� ¼ j
jo
¼ �a

a
@/�

@n�

� �
ð6aÞ

jo ¼
j
aa
ð/o;a � /o;cÞ ð6bÞ

The material dissolution speed is usually given by the product
of current density and electrochemical dissolution equivalence
constant of the metal as in the following equation:

u ¼ jdj ð7Þ

Here u is the dissolution speed and kd is given by Mw/(qcF)
where Mw is the molecular weight of the anodic metal, c is the
valency of anode metal in oxidized state, q is metal density and
F is the Faraday constant.

A time scale so is defined as in Eq. (8) and it approximately
represents the time required for galvanic corrosion to spread from
the junction to a depth equal to the polarization length scale of the
anode metal under extreme possible galvanic condition.

so ¼
aa

uo
ð8Þ

Here, uo is the maximum dissolution speed given by

uo ¼ jd
j
aa
ð/o;a � /o;cÞ ð9Þ

Local dissolution speed of the interface in dimensionless form is
proportional to the local azimuthal component of current density j⁄

in z⁄ and x⁄ directions as shown schematically in Fig. 3. The vertical
and horizontal components of this dissolution speed are defined in
n
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Fig. 3. Update scheme for the nodes on the moving boundary of anode surface
during galvanic corrosion simulation.
Eqs. (10a) and (10b) where hn is the angle made by the normal to
pit surface with vertical direction such that tanhn = dz/dx locally
as in Fig. 3.

dz�

dt�
¼ �aa

a
j�cosh�n ð10aÞ

dx�

dt�
¼ �aa

a
j�sinh�n ð10bÞ

t� ¼ t
so

ð11Þ

Here t⁄ is the dimensionless form of time. It is interesting to
note that we have finally three variable parameters: ‘aa/a’ and
‘ac/a’ in the boundary condition in Eqs. (5a) and (5b) and a param-
eter ‘w/a’ for the geometry as in Fig. 1. Hence, only these parame-
ters need to be varied to simulate galvanic corrosion for various
possible electrolyte conditions and metals bearing a linear polari-
zation curve. The possible deviations from these idealized condi-
tions are that the polarization curve can be nonlinear for various
metal-electrolyte combinations. With the above simplification,
the problem reduces to solving the Laplace equation in Eq. (1) with
linear mixed boundary condition as in Eqs. (5a) and (5b) for the pit
geometry of Fig. 1. Solution for the rectangular geometry of Fig. 1 is
already shown to be possible by spectral expansion analytically [5]
for aa = ac = a as given in the following equation:

/�ðx�; z�Þ ¼ 0:5þ
X1

n¼1
Cncoshkn

w
a
� z�

� �
sinknx� ð12Þ

where x⁄ = x/a, z⁄ = z/a, the coefficients are

Cn ¼ 2=kn½coshðknw=aÞ þ a=aÞknsinhðknw=aÞ�

And eigenvalues are kn = (2n � 1)p.
As the metal dissolves or corrodes, the surface forms a pit as in

Fig. 3. and it no longer remains rectangular and analytical solution
for this dynamically changing geometry is difficult unless by a suit-
able conformal mapping method. On the other hand, numerical
solution can be used in any irregular geometry with suitable
boundary conditions. Some of the numerical methods for solving
Laplace equation are finite difference method (FDM) [8], boundary
element method (BEM) [3,9] and finite element method (FEM). In
this work, we use the numerical solver PDETOOL of MATLAB
[23], which employs the FEM method.

3. Simulation results

Simulation results are obtained for various values of the non-
dimensional parameters in the problem: (a) ratio of polarization
length scale to metal surface size kept at aa/a = {0.5,0.1,0.05, and
0.01} and (b) ratio of polarization length scales of anode and cath-
ode, aa/ac = {1,0.5,0.1, and 0.01}. It is already known that, for elec-
trolyte thickness of ‘w/a > 0.5’, the solution approaches almost the
same result as that for infinite thickness of electrolyte [5]. Hence
numerical solutions were obtained with ‘w/a = 0.5’ that is for the
most severe corrosion condition of large electrolyte coverage. First,
the present numerical tool is verified to be accurate since the
numerical solution for potential and current density distribution
on the electrode surfaces z⁄ = 0 at zero time matches with the ana-
lytical solution of Eq. (12) as shown for certain parameter set in
Fig. 4a and b.

As shown in Fig. 3, the anode surface is allowed to dissolve or
corrode. In this process a pit or trench forms which becomes wider
and deeper with time as shown from simulation. The pit region
also gets filled with the electrolyte in reality and hence we need
to solve the Laplace equation in this new geometry. The junction



Fig. 4. Present numerical solution using PDETOOL of MATLAB is obtained and
compared with analytical solution Eq. (12) at time zero for parameters w/a = 0.5, aa/
ac = 1 and aa/a = {0.5,0.1,0.05 and 0.005} as shown in (a) for potential distribution
and (b) for current density distribution.

S.K. Thamida / Computational Materials Science 65 (2012) 269–275 273
point of anode with cathode is assumed to slide down along the
cathode surface. Hence the pit would have cathode surface ex-
posed as it propagates into the anode metal. In numerical simula-
tion, the moving boundary of anode is segmented into 50 divisions
with dx⁄ of 0.01 aa/a in dimensionless units in order to allow flex-
ibility for dissolving and be able to simulate the accurate pit mor-
phology. A small number of segments would lead to sharp corners
and abrupt variation in curvature at the nodes which may not give
the accurate variation of the surface contour. On the other hand, a
large number of segments would cause overlapping of nodes in
subsequent time steps and lead to numerical errors and insolvable
geometry. Ideally, in problems involving pore formation and the
like, an adaptive segmentation is used, where the local boundary
segment length is taken to be equal to a fraction (ex: 1/10th) of
the local radius of curvature at every time step [14]. In the present
case, only one pit is formed and it does not contain the feature of
undulations, hence a reasonably small segment length is taken
and it is found to display a smooth variation of the anodic surface
while it is dissolving. Another way to arrive at the optimum num-
ber of segments is to minimize the standard deviation between the
surface profiles obtained at the end of certain simulation time.
Each node on the anode surface is moved downwards into the me-
tal after every time step with the components of dissolution speed
given by Eqs. (10a) and (10b). Near the junction, as anode dis-
solves, new surface of the cathode is exposed to electrolyte. This
process of simulation is repeated over several time steps and the
shape of pit at various times is plotted.
3.1. Effect of polarization length scale, aa/a

In the first case, we simulated the pit to see the effect of area or
width of anode and cathode in comparison to the polarization
length scale. Other parameters are kept constant as cathode to an-
ode area ratio equal to 1 and ratio of polarization coefficients aa/
ac = 1. For this purpose aa/a is varied from 0.5 to 0.01. Larger aa/a
corresponds to micro galvanic corrosion and smaller aa/a corre-
sponds to macro galvanic corrosion. The polarization length scale
of anode and cathode are kept equal. The pit shape dynamics are
plotted for one particular parameter in the mid range aa/a = 0.05
in Fig. 5a. The pit bottom near the junction moves faster than rest
of the interface. The length units are rescaled with aa as the unit of
measure to appropriately represent the simulation results of pit
growth as the width of the plates increases. The current density
distribution along anode and depth of the pit bottom as a function
of time are plotted in Fig. 5b and c. The pit is in the form of a tri-
angular trench as seen in Fig. 5a. The current density is highest
at the junction and increases in nearby locations with time. For
large aa/a, as the simulation time progresses, the pit widens to cov-
er the width of anode and begins to propagate downward. Compar-
ison of simulated pit shape in Fig. 5a with experimental images
would show that the simulation is comparable to real phenomena.

Experimental images would also indicate that the galvanic pit-
ting is limited to only certain distance from the cathode–anode
junction and simulation too predicts the same. The distribution
of current density on the anode surface with time in Fig. 5b shows
that the current density near the junction point of anode and cath-
ode or the pit bottom is constant at 0.5 in dimensionless units. But
away from the junction, the current density increases by a fraction
with time. The reasons for this are: (1) With time, the anode sur-
face changes to a curve instead of being flat. Though an increase
in the magnitude of current density is seen in Fig. 5b, to compute
the vertical dissolution speed, we need only the fractional coshn

component of the total normal dissolution speed as depicted sche-
matically in Fig. 3. Similarly, the horizontal component of the dis-
solution speed is computed from sinhn fraction of the total normal
dissolution speed. Hence, it appears in Fig. 5a that the pit contour
moves downwards into the anode surface at nearly a constant
speed. (2) At the junction or bottom tip point, the pit surface re-
mains horizontal locally implying that hn = 0� or coshn = 1 at a max-
imum value. In addition to this, the magnitude of current density
on the anode is maximum near the junction due to proximity to
cathode. Hence, the vertical speed at the pit bottom is maximum
and constant at a value of 0.5 in dimensionless units as a function
of time as shown in Fig. 5c.

Simulation indicates that the depth of the pit as seen in Fig. 5c
increases at a constant speed of 0.5uo which is the maximum pos-
sible galvanic dissolution speed possible as discussed in earlier sec-
tion. Hence the depth of the pit after a certain time ‘t’ can be
predicted as 0.5uot or 0.5(t/so)aa and the width of the prominent
portion of the pit is approximately equal to the depth of the pit.
In many other phenomena as well, the interface forms pore like
structures propagating at maximum possible speed also known
as maximum velocity principle (MVP) [14].



Fig. 5. Simulation results for parameters aa/a = 0.05, aa = ac = a and w/a = 0.5. (a) Pit
shape in the galvanically corroding anode metal as a function of time plotted after
every time interval of so for 10 such time periods. (b) Current density across the
anode pit surface. (c) Depth of the pit at junction as a function of time.

Fig. 6. Pit shape in the galvanically corroding anode metal as a function of time as
obtained from simulation with aa/a = 0.1’ and ‘w/a = 0.5’. aa/ac is varied as (a) 1, (b)
0.5, (c) 0.1 and (d) 0.01.

Fig. 7. Speed of pit propagation as obtained from simulation for various values of
ratio of polarization length scale aa/ac.
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3.2. Effect of unequal polarization lengths aa/ac = {1,0.5,0.10.01}

The cathodic currents of aluminum are an order of magnitude
less than the anodic currents of magnesium unlike what is indi-
cated by the polarization curves in Fig. 2a. Practically, it would
mean that the area ratio of cathode to anode becomes an influenc-
ing factor as in the case of magnesium and aluminum whose ratio
of polarization coefficients is around 0.01. Such a condition of dis-
similar polarization coefficients if incorporated in the model would
predict the galvanic corrosion accurately and closer to as seen
experimentally in Fig. 1. In Fig. 2a if the slope of anode is kept con-
stant and the slope of the cathode is changed by making it steeper,
it implies higher polarization resistance of cathode or higher value
of ac. The ratio aa/ac would then become the parameter of interest.
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By keeping rest of the parameters constant as cathode to anode
area ratio = 1, w/a = 0.5 and aa/a = 0.1, we varied aa/ac as
{1,0.5,0.1,0.01}.

The results of the simulated pit shape versus time are plotted in
Fig. 6a–d. It is observed that the extent and depth of the pit be-
comes smaller as aa/ac decreases. The speed of pit remains more
or less constant during each simulation though the magnitude is
different. Hence, a measure of average pit speed u/uo is plotted
against aa/ac in Fig. 7. It can be seen that the pit speed decreases
as the polarization resistance of cathode increases.
4. Conclusions

The simulation results can be used as a correlation tool to pre-
dict galvanic pitting for various metal combinations and electrolyte
conditions. For instance, the experimental galvanic pit is compara-
ble to the simulated pit shapes of Fig. 5a. These simulation results
help in providing a better understanding of the galvanic corrosion
phenomenon and insights about pit depth and width variation
with time for engineering applications in the area of durability
based design. Under a corroding environment, similar pits could
be propagating in the anodic portion of an alloy leading to micro
galvanic corrosion. The model can be potentially extended to study
micro galvanic action at the microstructural scale as well. The
model has linear polarization curves as the basis, but is idealized
for mathematical convenience.

Though we have assumed that there would not be any hydrody-
namic effect on ion accumulation in the electrolyte, it could be pos-
sible for micro vortex generation due to induced polarization as
discovered in electrokinetic flows [21,22]. If we examine the gal-
vanic corrosion results as shown in Fig. 4b, the surface current or
the normal electric field is non-zero and changes its sign near
the metallic junction. Hence there would be an induced zeta poten-
tial of opposite signs as well. There would also be a tangential elec-
tric field directed from anode towards cathode as can be inferred
from potential variation as shown in Fig. 4a. The combination of
oppositely charged zeta potential and tangential electric field
would try to cause oppositely directed nonlinear Smoluchowski
slip velocities at the junction [22]. But the intensity of these slip
velocities would be very small since the generated normal electric
field is very small and of the order of ratio of potential difference of
the metals to their polarization length scale. Hence there may not
be vortex generation in galvanic junction unlike the other phenom-
ena of electrokinetic flow where singularity of electric field causes
micro vortices.

With improved simulation techniques incorporating the actual
polarization data of a given metal in a particular corroding envi-
ronment, it is possible to simulate the galvanic corrosion phenom-
ena more accurately. By taking the moving boundary approach, we
demonstrate that the resultant shape of the pit is strikingly similar
to experimental images. It is possible to simulate long term dura-
bility of galvanic joints for a wide range of parameters such as dif-
ference in galvanic potentials of metals, ratio of their linear
polarization resistances, cathode to anode area ratio and electro-
lyte thickness.
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