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and disregarding the differential terms of second order,
Q(x,0)C(x.1) = Q(x,)C(x,0) + Q(x,0)dC(x,1) + dO(x,0)C(x,1)
reordering the expression,
Q(x,NdC(x,1) + dQ(x,NC(x,1) = 0
this equation is the exact difTerential of,
dlO(x,)C(x,0)] = O(x,)dC (x,1) + dO(x,1)C(x,1)
s0, it is possible to write,
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replacing Q(x.!) for its value in the following equation it leads to,
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or, written in an other form,
dO(x.,t) = - dC(x,t)
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d()(x,t) is the permeate flow in a differential cross-area of the membrane and in this way, proportional to

the permeate flux, i.e. dO(x,t) = A,dJ(x,1),

A dJ (x,1) = dC(x,I)=d{ 1 ]
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deducing that,
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The above equation shows that the concentration is proportional to the inverse function of the permeate flux.
Intraducing (104) in the previous relationship it is obtained that,
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the concentration profiles in function of time and space also depend on the exponent n, in the same form that
for the permeate flux. In the above equation, if x and ¢ increases, the feed concentration depends on the flow
model and the length of the membrane. Thus, for a membrane with length L, the concentration profile in
function of time will be,

C(t)= [ k(1+ Ax) 1+ ) de = k 0+ Fg&:ﬁ}"“ -1) (159)

which is valid for n=1,n=2 and n=0.5.

7. Differential equation for the variation of the active area of the membrane.

To analyze the decrease of the membrane active area during the filtration process, it is assumed that
the fouling is blocking a fraction of the available pores of the membrane. As the immediate effect of the
fouling is the reduction of the permeate flow, it could be consider that the decrease of the area is proportional
to the instant value of the permeate flow, if the transmembrane pressure is maintained constant, Expressing

this idea in a mathematically form,
dA(x,1) = —ad()(x,1) (160)

Where the differential terms are,

dQ(x,1) = ;Q(x,f)m s ; O(x,0)At

d @ (161)
dA(x,1) = — A(x,DAx +— A(x, A
(x.£) (x,1) : (x,1)At

introducing (161) in equation (160),
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which can be written as a function of the flow velocity as,
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If the general expression of velocity is introduced,

kx+c
v(x,f) = —"
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the second term of (163) becomes zero, then, the differential equation for the membrane active area is,

2 A+ 2 A =0
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introducing the velocity in (165) and making A(x.f) = A(x)A(?),
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which becomes in the following equations with separated variables,
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their solutions are simple,

A(x) = [kx +¢, ];

Ay = [kt +e, ]
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denoting i = n equation (171) is the corresponded solution,
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If we integrated over the x variable, for all the length of the membrane L, the variation of the active

membrane area with the time is obtained,

A(t) = [ AGx, 1) = f[“* “ }dx

h e (172)
and the integral is,
A(t) = (kL + _ﬂlnfl_ +¢) —"crﬂ
(n+ )k(kt +c,) =
with a general torm,
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meaning that the active area characterized by the exponent n, as in the case of the different types of flows
and length of it. This more general result is in agreement with the theoretical result found in [4] and verified

experimentally. In both cases a decrease of the flow or the permeate flow with the same form of the
reduction of the active area of the membrane is observed.
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