
here for the purpose of illustrating variations in interface
velocity. The governing equation for describing the macro-
scopic motion of interfaces is equation (2) that will be
investigated below.
4.2.2. Interface Conductivity and Material
Coefficient �nw

[62] After calculating the •uid-•uid interface velocities
at different saturations under variable transient conditions,
it is possible to estimate the conductivity of interfaces using
equation (2). Assuming constant interfacial compositions
and for a one-dimensional domain, we can rewrite equation
(2) as follows:

wnw ¼ �knwðanw
; x þ  nwSw

; xÞ ; ð24Þ

where knw½L3=T � ¼ � nwKnw interfacial tension � nw is
lumped into other coef•cients, and nw ¼ �nw=� nw[1/L].
First, the coef•cient nw is obtained from the equilibrium
conditions, where the interfaces do not move andwnw is
equal to zero. Under these conditions, we have

 nw ¼ �
anw

; x

Sw
; x

¼
m

Swn
; ð25Þ

where the right-hand side of equation (25) follows from equa-
tion (23). Next, the interfacial conductivityknw can be deter-
mined from equation (2) under transient conditions. All
terms in equation (2) can be calculated for a large number
of averaging domains and at various times, allowing us to
•nd values of knw for a wide range of transient conditions.
The result is plotted as a function of average saturation in
Figure 9b. It is evident that the interface conductivity is an
increasing function of wetting •uid saturation. One should
note that, except for the range ofSw > 0:9, the variation in
values of interface conductivity estimated under various
transient conditions is not signi•cant. This shows that this
coef•cient is a reasonably well-behaved function of satura-
tion under a wide range of transient conditions. Large varia-
tions of interface conductivity forSw > 0:9 is due to the
variations of interface velocity. Negative values in that
range (see Figure 9a) are caused by local temporary imbibi-
tion during the early stages of invasion. This effect reduces
dramatically as soon as the nonwetting phase saturation
becomes signi•cant in the averaging domain.
4.2.3. Production Rate of Interfacial Areas

[63] We use equation (4) to calculate the production
term,Enw. Thus, we have to estimate the change of speci•c

Figure 7. Variation of material properties presented in equation (1) based on the moving averaging do-
main analysis of the simulations. (a)�wa, (b) �wS , (c) �na, and (d)�nS . Description of the bars are given
in caption of Figure 6.
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interfacial area with timeð@anw=@tÞ as well as the •ux of
interfacial areað@ðanwwnwÞ=@xÞ. Both of these quantities
can be calculated for a large number of averaging domains.
The resulting production rate is plotted in Figure 10 as a
function of average saturation and its time rate of change.
Figure 10 shows thatEnw depends linearly on the time rate
of saturation change. Furthermore, it reaches its maximum
value in the range of intermediate saturations. This is due
to the greater possibilities for the creation of invasion sites
at intermediate saturations. At high wetting •uid satura-
tions, only a few pores are •lled with the nonwetting •uid.
Thus, a small amount of interfacial area is created. With
invasion of the nonwetting •uid, more pores will be •lled,
each of them acting as the launching site for the invasion of
many other pores by the nonwetting •uid. This causes a
faster creation of interfacial area. Eventually, the interfacial
area associated with the main terminal interfaces will start
to become less and less, as many of them will coalesce
with each other. Thus, the production rate of speci•c inter-
facial area will decrease.

5. Concluding Remarks
[64] We have simulated two-phase drainage experiments

using a dynamic pore network model, called DYPOSIT,
under constant pressure boundary conditions. The simula-
tion network has a cross section of 30� 30 pore bodies and
a length of 210 pore bodies in the •ow direction. The anal-
yses are based on the volumetric averaging in a moving
averaging domain with the size of 30� 30 � 30 pore
bodies. The averaging is done along the domain in many
time steps. Because of the imposed boundary conditions
(i.e., constant pressures) the •ow velocity varies consider-
ably with time as the nonwetting •uid invades the domain.
As a result, the capillary number changes through the
network with time from 2� 10�5 to 5 � 10�7. So, the

Figure 8. Ratio of gradient of •uid pressure to the other
added terms in equation (1) for (a) wetting •uid (b) non-
wetting •uid. On should note that for clear illustration the
ratio is inverse in Figure 8b. Figure 9. (a) Dependence of macroscopic interface ve-

locity on saturation and change of saturation with time, cal-
culated using equation (20) for all simulation snapshots and
averaging domains, (b) Variation of interface conductivity
with saturation resulted from analysis of all moving averag-
ing domains in time and space. Description of the bars is
given in the caption of Figure 6.
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