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Influence of an external electric field on the properties of some commercial
liquids when flowing between co-axial cylindric pipes is theoretically and
experimentally investigated. Strong dependence of the liquids properties on
electric field parameters, characterized by increase in flowrate and drop in

viscosity, is revealed.

Condition for the effect’s wvalidity and hydrodynamic

calculation of some appropriate pressure gains are also presented. The results
of the study may be successfully used in all drilling operations and oil-and-gas
production. Some areas of electric field application in aerospace science and

technology are noted.

INTRODUCTION
This study is a continuation of the Kvaerner John
Brown Ltd. research projects No. 5800 and 6551
dealing with the influence of electric and magnetic
fields on the properties of various liquids [ 1], and is
aimed at improving the liquids ability to flow between
co-axial (concentric) cylindric pipes and , accordingly ,
the technological processes involved in drilling as well
as oil and gas production. The advantages of using
an electric field (ef.) were clearly revealed by the
author in [1]. The paper, however, presented practical
benefits of applying the e.f. to transportation systems
which, as is known, are assembled with cylindrical
pipes. This time, we expand our research to determine
fluids characteristics - first of all, viscosity drop range
under the e.f. and liquid “memory “ on this agent - of oil
and oil products (emulsions), drilling muds and cement
slurries, which are generally used between concentric
pipes in the above-mentioned technological processes.

But what 1 would like to note in advance is
that some aspects of this research are of sufficient
commercial interest and not described in this paper in
an explicit form.

It is worthwhile to note that there are wide
references in which the effect of ef. on liquids prop-
erties have been studied [2-11]. However, such works
have mainly studied the electrorheological properties
of polymers and oils suspensions [2,3,5,7]. Influence
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of external electric field on liquids viscosity is weakly
studied. The investigations have been mainly dedicated
to electrorheological (ER) effects,e.g., Zhang and Zhu
in [9], or molecular mechanism of viscosity change
[4,6] without applications of this effect in technological
processes. For example, in [9] it has been established
that under the influence of an applied electric field,
the variation of apparent viscosity of electrorheological
(ER) fluid flow causes ER effects. It has also been
found that according to the Bingham model, which is
widely used for describing the rheological properties of
ER fluids, this variation should be very weak at high
shear rates.

THEORETICAL APPROACH

To simplify theoretical consideration let’s study the
motion of incompressible liquid in co-axial cylindrical
pipe under the influence of an electric field. Non-
stationary isothermal laminar motion of an incompress-
ible liquid in horizontal cylindrical pipe is described
by the following equation written in cylindrical coordi-
nates:

v v 16v opP
pgzﬁ(ﬁ+;5)+g+ﬁ (1)
where p and 5 are the liquid’s density and viscosity re-
spectively, P/Jz— time-independent pressure change
along pipe length, v = v(r, t) is the velocity of liquid as
a function of radial coordinate and time , f is the force
acting on liquid per unit volume (in our case e.f.). The
newly developed capacitor [12] generates electric field



described by the law
f=Ae7",

where A and ¢ are constant coefficients characterizing
external transverse e.f. and type of the capacitor. In
practice, an e.f. can be either constant or alternating.
Since the alternating one is more preferable for com-
mercial purposes, we solve the equation (1) taking into
account, that e.f. varies with time by the harmonic law
A= Age ™!

b

where w is the ef. frequency, Ay is the e.f. initial
(amplitude) value at time ¢+ = 0. Therefore, the
equation (1) is finally written as :
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with the boundary condition :
v(r = Rin,t) = 0;v(r = R.,,,t) =0, (2a)

where R;,, and R., are radiuses of internal and external
cylinders respectively, and the time condition

vir,t =0) = v, (2b)

where v;, is the initial velocity of the liquid until e.f.
does not effect it. To solve the problem the following
substitution is first made :

P r?

v(r,t) = w(r,t) 32 I (3)
From the physical viewpoint, the substitution (3)
means constancy of the velocity profile with narrowing
radius in cylindrical coordinates, thereto, every point
of the liquid in the new system will be shifted relative
to its previous position by %—f . %.
recent paper of the author [13], the above substitution
characterizes correlation function that in this case
equals to 72/4. In the new coordinates, the equation

(2) is transformed to

In terms of the
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with the changed boundary and time conditions:
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The equation (4) may be presented in the following
form:

w(r, t) = u(r)e ™te="" (5)
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In this case, subsequently realizing all the w(r,t)
function derivatives by r and t, after reducing for

ar

exponential coefficient e “" which never equals zero,

we obtain :
(ciwpputry=n{ S~ 2o 40 2)u(r) } A0 (6)

that represents non-homogeneous Bessel equation. So-
lution of the equation (6) may be given as the sum of
that of corresponding homogeneous equation expressed
by Bessel function and partial solution of non - homo-
geneous equation found by using Lommel function [14]

u(r) = {CrJy(Br) + CaYa(Br)} “*—%smu (7)

where the following indications are introduced: § =
Viwp/n,S10(r)— Lommel function of zero order,
Jo(Br) and Yy(Br)— Bessel functions of imaginary
argument of zero order of the first and second kinds,
which can be represented respectively as

Jo(Br) = bero(B17) — beig(Brir) . B1 = Vwp/n

Yo(0r) = € I(Br) — ZKo(r),

and after several Yy(8r) transformations look as fol-
lows:

Yo(Br) = Z1 + 1173,
Z1 = — {b@?:(](ﬂ17’) + 2kerg(ﬂ17‘)/7r} s
Zs = berg(f1r) — 2keig(Brir) /7

The constants Cy and C can be found from boundary
conditions (2b). To this end, the solution to the
following equations is required:

OP R? )
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It follows that
w2 — 1+ Ag {S1,0(Rin) —
Yo(BRin) —
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herein
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Returning to the original v(r, #) function:
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To find the flowrate Q through cross-section between
the concentric cylindrical pipes, one should calculate
the integral

Rs
Q= /27r’ry(’r7t)d’r
R

The final result will be in the following form:

Q(E) ={a1-AJi+az - AY) —as- AH}eithfa,zl-(‘)R’

(9)
where
ay = 21C1 /B, as = 21Cs/B,
as = 21 Ao/, as = (0P/3z) - (x/8n),

Ay = Jh(BRex)Rew — J1(BRin) Rin,
AYy = Y1(BRes)Res — Yi(BRin) Rin,
AH = H(Sc;0; Rer) — H(Sin; 03 Rin),

0R =R, — Rj,;

herein, the Ji(8r) and Yi(8r)— type functions are
appropriate Bessel functions of the first kind expressed

in accordance with the theory of cylindrical functions
and wronskian of Bessel functions as follows:

J1(Br) = bery(Brr) — beir(Pir)

_ J(BrYo(Br) — 2/ frz

Functions of the type H(S;0; R) are defined as :

Yy (pr)
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1
+ 551«4-3,/1«4-2(3)}

0 gkt
2 msk+j+4,k+j+3(3)) }

=0

The expression (9) is found by using, during inte-
gration, the properties of the Bessel and Lommel
functions [15]. In this representation, the flowrate is
a complex magnitude of the view:

Q(E) = ReQ(E) + iImQ(E)

For calculating the actual flowrate it is necessary to
take module of Qg

Qry = \/R62 Qmy + Tm” Qr)

Now, it is worthwhile to compare @Qg) and
Qo, that is well-known liquid flowrate between two
concentric pipes without any external action :

T 0

T 0 (B3 — RY)°
8 0z

(k)
Comparing the flowrates and performing non-complex

calculations, one can obtain the following ratio for
viscosities

ey (07)]
no ot oP/0z’

Qo R%*R%%—

(10)

aq and a9 are the coeflicients, which can be found both
experimentally and theoretically for any concrete liquid
motion and the ef. applied. Due to the capacitor
specifications [12], the parameter ag is proportional
to the intensity Ag of the e.f.., which allows us to
conclude that the bigger the e.f. applied, the greater
the viscosity changes.

If the applied ed. is direct, then one should look
for the function w(r, t) in the solution (5) without time
aspect,

w(r) = wu(r)e”",
as the w(r) does not already depend on time, the
scheme of further solution will be the same.

THE EXPERIMENT
The experimental scheme for the practical realization of
an electric field’s effect on the liquid moving between
concentric pipes in this study is in fact the same as
that developed in [1]. The only difference is the need
to adjust the electric cascades for pipe-in-pipe variant
of assembling.
The minimal charge surface density at plates onin
necessary for compensating the pressure drop AP along
the section L is theoretically established

Bl+d) ap
q L~

Omin =

(11)

where, § is a constant coeflicient, ¢ is the total electric
charge in liquid volume unit, % is plates curvature for



above construction defined as & = 1/(D — d), where
D and d are radii of the external and internal pipes
respectively.

To observe the ef. effect on liquid motion in the
capacitor case, the condition
Tpl Z Omin (12)
should take place ; o, is the real value of charge
density created by us at plates, omin is the threshold
value of charge density by the relation (11). Below
Omin, the effect of ef. on liquids is not observed as
each of the plate configuration and liquid type has
its corresponding value of oin; the condition (12)
however, is always valid. Theoretical estimations show
that o, is defined by the following formula :

p— FU .
e-dielectric permeability of liquid involved, U-voltage
between the plates.

Several results of e.f. influence on various liquids
are given in fig. 1 and table 1. Light circles in figure 1
correspond to the purified and dark ones to the crude
oil. Below 350V /m for crude and 400V /m for purified
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Figure 1. Increase in oil flowrate depending on e.f.
strength at the temperature ¢ = 18°C.
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oil, the effects could not be observed as not according
to the condition (12). In our experiments, we used an
alternating e.f., though a direct one may be applied if
needed. The study was held at 8 + 25°C temperature
interval. Below 8°C the liquids did not flow by the
tubes connecting base elements of the scheme. The
table given below shows an increase in flowrate for
each liquid. Besides, the flowrate change for purified
oil is less than that for the crude one, which may be
explained by the small number of electrically active
centers as a result of the purification process. Presence
of liquid “memory” on ed.(see the fourth column)
allows us to use this effect for practical purposes. The
last two columns present the results of calculations for
appropriate pressure gain, i.e. , decreasing the pressure
drop while increasing the flowrate (the diagram was
kindly provided by Roder W. Groombridge, Pipeline
Manager - Kvaerner John Brown, Ltd ).

CONCLUSIONS
As it follows from our investigations, e.f. is a physical
factor,which strongly alters the rheological parameters,
especially the viscosity of liquids. Because of space
limitations for this paper, the magnetic field effect on
liquids (due to alternating e.f. ) is not discussed here,
but was investigated in our research!'l. This conclusion
gives an opportunity to keep the flow pressure along
the pipe length permanent. Indeed, in any z; point,
the pressure is defined by the formula
zf

"OP,
P(z)=F — / P dz

0

In case of electric cascades, it is possible to vary the
OP/9z value, thereby minimizing the gradient dP/9z,
at certain magnitudes of the cascades number, distance
between them, applied ef. , etc.. This allows us
to considerably improve all the technological processes
connected with the liquids flow. Except for this, the
effect of ef. on fluids and fluid - gase mixture flows
could be applied to improve the mixtures escape from
the discharge nozzle of the engines and to handle the
streamline shape and lift of wing under the Mach

Table 1. Results of measurements under transverse alternating e.f. # = 1600V /m

Type of Liquid | Flowrate change, % | Flowrate change, % | Memory, min | Pressure gain, % | Pressure gain, %
t=10°C t=18°C t=10°C t=18°C
0Oil (crude) +(20 = 25)* +18* 56 45 = 50 ~ 35
Oil (purified) +(16 = 18) +12 56 35 = 40 ~ 25
Benzine +(15 = 18) +(10 £ 12) 34 35 = 40 22 = 25
Machine oil +(18 +20) +(10+12) 4+5 38 +42 22 +25

*) signs “+” in the second and third columns mean flowrate increasing under e.f.
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number M < 1. The calculations utilized { principally
the new method of solving the nonlinear equations
for this type of problems given in [16]) show that
application of the e.f. leads an increase in the fluids’
escape and the wing streamline shape in the required
range.
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