EFFECT OF A MAGNETIC FIELD ON THE THROUGH-FLOW POTENTIAL
IN MOVING AQUEOUS SYSTEMS
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The through-flow potential arising during the flow of water or aqueous solutions
of surfactants characterized by different concentrations is investigated. It is
shown that the flow potential can be regulated by applying a permanent, trans-
verse magnetic field to the liquid in question at different flow velocities. It
has been established that synergism manifests itself within a certain range of
conditions, and the combined action of surfactant additions and the magnetic
field tends to reduce the through-flow potential.

There is an ever-increasing number of papers devoted to the effect of a magnetic field
on the characteristics of aqueous solutions and other liquids. A survey of these papers was
provided in [1] after a certain body of work had accumulated. An approach to naturally oc-
curing waters as complex, open, and nonstationary multiphase systems is described in mono-
graph [2] within the framework of electromagnetic hydrophysics. It also provides theoretical
considerations and estimates of the electromagnetic phenomena in naturally occuring waters.
A possible mechanism whereby a magnetic field influences the activation of water is considered
in [3]. The effect of a magnetic field on the characteristics of hydrocarbon liquids has been
investigated in several papers. The variation of the rheological characteristics of non-New-
tonian petroleums under the action of a transverse, alternating magnetic field has been stud-
ied in [4]. Experimental data on the effect of magnetic action on the liquid—gas phase tran-
sition are given in [5]. Similar data for gas—liquid systems are presented in [6]. Experi-
mental investigations have shown that magnetically treated water augments the permeability of
clays of the montmorillonite group [7]. Experiments under industrial conditions have shown
that this phenomenon can be successfully used to improve the efficiency of oil production [8].
The effect of a magnetic field on the through-flow potential may be the cause of increase
of water mobility in clays, i.e., in microcapillaries with dimensions of the order of 107°-
107% m. We provide here the results of experimental investigations of the effect of a per-
manent, transverse magnetic-field on the through-flow potential in water flow through a capil-
lary and of the possibility of regulating this effect by means of various additives.

The effect of the through-flow potential on the flow characteristics obviously increases
with a reduction in the capillary size. Therefore, the results obtained can be considered as
an estimate "from below" for a porous medium.

The experiments were performed by means of an experimental arrangement comprising a
glass tube with electrodes, a magnetizing device, an instrument for recording the through-
flow potential, a signal amplifier, a piezometric tube, a vessel for the liquid under investi-
gation, a compressed-nitrogen tank with reducing valves, a system of pipes with cock valves,
and a screening casing.

The glass tube, which has an inside diameter of 5.107%® m and a length of 1.2 m, has at
its ends lead-outs for mounting the electrodes and lead-outs for connection to the piezometric
tube. The distance between the electrodes is equal to 0.84 m.

The electrodes are made of silver wire with a diameter of 0.75.-10-3 m. The electrode
surface in contact with the liquid is located at the same level as the inside surface of
the tube. The magnetizing device consists of a cylindrical iron frame with permanent
magnets arranged inside. The magnetic field strength in the operating gap is equal to
1.76°10° A/m * 107, while the total magnetic flux is equal to 2.7-3.0:107% Wb.

The flow-through potential is recorded by means of a V7-27A/1 universal digital voltmeter.
the maximum allowable basic error of the voltmeter in measuring the potential during experi-
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Fig. 1. Block diagram of the experimental ar-
rangement.
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Fig. 2. Through-flow potential of
nonmagnetized liquids as a function
of the Reynolds number. 1) Water;
2) 0.15Z solution of surfactant; 3)
0.3%; 4) 0.5%Z. The value of Up is
given in millivolts; the Re number
is dimensionless.

ments is equal to #0.357. Stability of voltmeter readings and noise reduction are achieved
by using the signal amplifier and the screening casing. The amplifier is based on a UD-1408
working amplifier; the gain is equal to 10. The glass tube is placed in a metal jacket in
order to screen out external noise. The jacket is made of galvanized sheet metal in the form
of a tube with a length of 1.4 m and a diameter of 0.22 m. The glass tube and the screening
jacket are positioned at an angle in order to prevent the accumulation of air bubbles in the
tube. The pressure drop in the tube is determined with respect to the liquid level in the
piezometric tube.

The vessel containing the liquid under investigation consists of a metal container with
a pressure gauge, where constant pressure is maintained. The pressure is created by compres-
sed nitrogen from the tank, which passes through two air pressure reducing valves for rough
and fine pressure settings.

The liquid discharge is varied or kept constant by manipulating needle valves. The con-
tainer, the magnetic device, and the glass tube are fastened by means of rubber tubing.

The block diagram of the experimental arrangement is shown in Fig. 1. The experimental
method consists in the following. The liquid under investigation is poured into container 1.
Pressure is created in container 1 from tank 2 through reducing valves 3 and 4. The liquid
is supplied through the magnetic device 8 to the glass tube 9 by opening valves 5, 6, 7 and
18. The developing potential is supplied to amplifier 12 through electrodes 10 and 11 and is
measured by means of a digital voltmeter, 13. The amount of liquid flowing through tube 9 is
determined by means of the measuring vessel 14, The pressure at the inlet to the glass tube
is measured with respect to the liquid level change in the piezometric tube 15. The liquid
flows by gravity into the measuring vessel. When valves 5, 16, and 18 are opened, the liquid
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© Fig. 3. Through-flow potential of magnet-
ically treated liquid as a function of the
Reynolds number; the notation is the same

~as in Fig. 2; Uy, is given in millivolts.
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Fig. 4. Ratio of the through-flow potential
of magnetically treated solutions to the
potential of water not exposed to magnetiza-
tion. 1) Potential ratio of a 0.57 solution;
2) 0.3%; 3) 0.15%. The values of USUrf and
U¥a are given in millivolts.

enters the glass tube without being subjected to magnetization. The glass tube is located in-
side the screening jacket 17.

The experiments were performed by using tap water and solutions of ML-72 preparation in
this water in concentrations of 0.15, 0.3, and 0.5% by volume. The ML-72 preparation con-
sists of synthetic surfactants, the composition of which comprises decomposable biochemical
anions and nonionogenic surfactants. It has a liquid consistency of medium viscosity, a dark
brown color, and a weak specific odor; it is readily soluble in fresh, sea, and deposit waters.
The pH value of a 1%-solution of the preparation in distilled water is equal to 7-9. Obser-
vations during experiments have shown that the time of establishment of a constant through-
flow potential in a moving liquid depends on the flow velocity. With an increase in the flow
velocity, less time is necessary for stabilization of the potential of all the liquids invest-
igated, with the exception of magnetically treated water, for which this time increases with
the flow velocity. In each experiment, the time at which the through-flow potential starts
to stabilize coincided with the time necessary for replacing the volume of nonmagnetized
liquid by the magnetized liquid, or vice versa. The time during which the liquid is located
in the magnetic field depends on the flow velocity set in each individual experiment. For
instance, for the flow velocity in the glass tube corresponding to the number Re = 25, the

time during which the liquid is located within the operating-strength magnetic field is equal
to 150 sec.
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For all the liquids investigated, the through-flow potential diminishes for flow velo-
cities corresponding to Re numbers from 0 to 20-25 (Fig. 2). Beyond that, at high flow
velocities, the through-flow potential increases for all liquids. For water and a 0.157
solution of ML-72, the potential increases within the velocity range investigated. TFor solu-
tions with concentrations of 0.3 and 0.5%, the potential rises up to Re = 50. For large
values of Re, the flow-through potential of these solutions decreases. Figure 3 shows the
results of experiments on determining the through-flow potential for liquids treated in a
magnetic field as a function of the Reynolds number. Experiments show that the through-flow
potential for tap water drops sharply with an increase in the flow velocity. The drop occurs
up to Re = 70, while the potential is constant at high velocities in the Re range investiga-
ted. Of all the liquids investigated that have been exposed to magnetic treatment, the low-
est value of the through-flow potential occurs for a 0.157 solution of surfactant, with the
exception of the Re = 45-95 range, where the potential is lower for water. The through-flow
potential rises with an increase in the surfactant concentration.

An analysis of a series of experiments on magnetically treated solutions for which the
through-flow potential is at a minimum. This line of investigation should be pursued further.

Figure 4 illustrates the reduction of the through-flow potential of magnetically treated
surfactant solutions in comparison with the potential for water not exposed to magnetization.
Throughout the wvelocity range in question, the through-flow potential of surfactant solutions
exposed to magnetization was lower than that of water not exposed to magnetization. With an
increase in the surfactant concentration, the potential reduction is smaller for the corres-
ponding Re numbers.

Analysis of the experimental results indicates that the synergetic effect of combined
action of the magnetic field and the surfactant addition on the through-flow potential mani-
fests itself under certain conditions (surfactant concentration, flow velocity). Thus, for
instance, exposure of water to magnetizaton reduces the through-flow potential at Re = 5 by
17% (curves 1 in Figs. 2 and 3). An addition of 0.3% surfactant to water reduces the poten-
tial at Re = 5 by 527 (curves 1 and 3 in Fig. 2).

Thus, the total possible potential reduction would amount to 697%. However, the actual
potential reduction for a surfactant solution of 0.37% that has been magnetically treated at
Re = 5 in relation to the potential of water not exposed to magnetization amounts to 807
(curve 2 in Fig. 4). Analysis of the experimental results indicates that the synergetic ef-
fect manifests itself for small Re numbers and low surfactant concentrations. Extrapolation
of the pertinent curves in the diagrams indicates that the synergy effect manifests itself
up to Re = 8.

Our experimental investigations have shown that magnetic treatment of water and aqueous
solutions of surfactants reduces the through-flow potential. The nature of changes in the
through-flow potential of magnetically treated liquids and those not so treated has been re-
vealed in relation to the Reynolds number. It has been found that a synergetic effect of the
combined action of surfactant additions to water and of the magnetic field on the reduction
of the through-flow potential manifests itself in a certain range of conditions.

NOTATION

Re, Reynolds number; U, potential. Subseripts: n, not magnetically treated; m, magnetic-
ally treated; wa, water.
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