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There is a need to solve coupled physics problems efficiently. Example 1. Flow to Pumping Well (Theis) Example 2. Driven Electrokinetic Core
We present a simple approach to uncoupling electrokinetic | | —Q | | o
flow using a matrix technique (Lo et al., 2009). Electrokinetics 1D radial flow to a confined well 1I.3.ﬂow in a box driven by periodic e
: : : - surrounded by insulators for Dirichlet BC on one end, no-flow /
is movement of ions and water in a porous medium under ded by ] ! _ 0<x<1 |\
fluid pressure (p) and electrostatic potential () gradients: electroklnenc problem. The “ * insulating on other end (Pen.gra.et
solution to the decoupled | b Ko, €, Gor Lz Lans € al., 1999). Steady-state solution is:
cC* 0| 0 (¢ - | 00 Lqo NE Y intermediate equations (5, 9,) / 7] 0
0 nc|dt|p| |La ™= D comes from the Theis (1935) well / 0i(zp,tp) = diss(¢p,tp) £ 9Tr(2D, D),
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unction (exponential integral). wopt
. . . s 52 ,t =R |U JWDTD
Consolidating coefficients leads to: 0 —— — ss(20,tp) = R [U(ep)e™>] =
5 _¢_ T apkKq - -w- iz : -aD=1o//KD=12_1 = Solve ODE for complex amplitude (U), given BC
- — ‘ Kp=10"* 10712 9 :
ot |[p] |aaKEe am P jx_gf ~- 22U =0 U(zp) = 1P + cee <P (= jwp/Au
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Non-dimensionalizing the equations reduces free parameters = /A N K Fp(
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from 4 to 2, the diffusivity ratio (ap = ag/ay) and the \ iSS\TD, tD oA (€ — 1)
electrokinetic coupling strength (K, = K¢Ks): S Il 7 S | S x P B o - o .
I N Y B N I AN _,.- Solution is applied to electrokinetics via decoupling
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Using the eigenvalue decomposition from linear algebra: (black) for a range of a, and K, (left). The solution for (p, ¥) ap =10 Kp = 0.01 pp(x =1) = Fp cos(wptp)
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ad I is recombined (right) using d, = S4. ‘
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We get two gncoupled governing equations (dl.agonal A zlectroosmosis y-axis: In[5;] = In 4Q/§.} - In [Eq (u)] '\
matrix), but in terms of a vector of new potentials (6§ = S™1d}). : LT 10 . )
Figenvector matrices (S) and eigenvalue matrix (A) are below. Variable Description Dimensions No-gradient BC (x = 0) Yp(x=1)=0
R , ) ap, ap hydraulic/electrical diffusivity m? /sec _ .
Uncoupling Procedure: & _ [225  —aty (1—ap — A S = Applied Voltage BC (Electroosmasis)
1) Pose problem in ] 1 _ ¢ formation compressibility | /Pa L s "
2ap(1—Kp) = n formation porosity — 1 , — D
terms of 01,07 A = 1—?—0419 —|—AD 0 C*  electric capacitance of formation C/(m?-V) 000107 Pp 1.0 L
2) Solve 2 UnCOUpled 0 % (1 + ap + A) oo electric conductivity S/m 0.0005 | 05/ '
diffusion problems - o p change in fluid pressure Pa 23?;2 0.0} |
3) Computei)? l/) via S_l 1 |—Kp —% (1 — QD — A) 1) change in electrostatic potential 'V e 09} v
’ N —2Kpap (1 viscosity of water Pa - sec 0.0 T
matrix multlply A - Kp l—ap—A . L1, Ly electrokinetic coupling coefficient A /(Pa-m) = m?/(V - sec) o /‘ 0.5 o X
— o — Kg streaming potential V /Pa e . '0
(dD SS) A = \/1 T D (4KD 2+ aD) Kg electroosmosis pressure Pa/V l/)D (X — 1) =0 l,bD (X = 1) — FD COS(Wp tD)
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