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Study of effects appearing in the high velocity liquid flows through the tube
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Abstract. A considerable potential difference (about 1000 V) emerging in dielectric liquid from the metallic
electrodes arranged along its flow through a 6mm tube in diameter has been revealed. The effect is referred to as
hydrodynamic. It follows from ocillograms that an electric signal is of high frequency. It cannot be synchronized. A
potential difference between the capillary inlet and outlet is as high as 200 V and 700 V, respectively, for positive
and negative pulses. It has been shown that raising the temperature up to 30-35°C and the backwater pressure leads
to the potential difference decrease. A mechanism based on a predominant role of electro-kinetic phenomena to

emerge a potential difference has been developed.
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Introduction

Ultrasonically induced cavitation was
studied in many papers [1-6]. Far less number of
them [7-11] concerns the hydrodynamic cavitation.
An interest to hydrodynamic cavitation has
quickened recently, after A.. Koldomasov’s
publications [4,9], which consider a phenomenon of
luminescence appearing in liquid. The papers [10-11]
took notice that electric pulses are detected when
transformer oil flows through the thin passage orifice
of 1 mm in diameter. It was perceived that an electric
signal appeared long before the cavitation. The
electric signal record was accomplished by insertion
of metallic electrodes into the liquid flow. The article
shows that luminescence occurs before the washer
with the passage orifice while after it where
cavitation bubbles may collapse there is no
luminescence. Electric discharges appeared even at
low rates of liquid flow when it was well known that
there was no cavitation. These investigations [10-11]
argue against the thermal theories and their
modifications associating the light emission with the
cavitation bubbles collapse that may occur only under
raised pressure in liquid [1,4,7,8].

A hydroelectric effect emerging in liquids,
when flowing, is of great research and application
importance. Therefore its further research is of
interest. In this paper apart from the previous ones
potential differences arising along the hydrocarbon
flow using two in-series electrodes are measured, and
influence of various factors is studied. A mechanism
of the process is considered.

Materials and methods

Fig.1 shows an experimental unit diagram. A
liquid hydrocarbon with the boiling point below
340°C (under atmosphere pressure) was pumped
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through the tube 1 made from organic glass with the
stainless steel electrodes A, C at its both ends. The
inner diameter of cylindrical electrodes (6mm)
precisely matched to that of the tube. The inter-
electrode distance was 55mm. The oscillograph
provided continuous records of potential difference
between A and C points. In some experiments a
metallic grid was set in section B. It should be noted
that the potential difference between A and C was
equal to zero. The first experiments have already
shown that without grid in some seconds under rather
low hydrocarbon pressure in the system (5 — 10 atm)
there was quite a high potential difference AU =~ 1000
V between the electrodes A and C. This fairly general
process is called a hydroelectric effect.

Fig. 1. Experimental unit diagram
1- an organic glass tube; 2 and 3 — stainless steel
electrodes

The experimentally obtained potential
difference between the terminals A and C turned out
to be by 2 — 3 orders higher than that of at one-
electrode measurement [10] though in the given

lifesciencej@gmail.com




Life Science Journal 2014;11(11s)

http://www.lifesciencesite.com

paper we studied the liquid flow through the sectional
area 36 times exceeding that of in the paper [10].

Hence, in the later experiments a system was
developed to enable continuous scanning of changing
potential with continuous flow along its axis. Fig.2
shows a typical oscillogram of electric pulses at the
two-electrode measurement of potential arising when
hydrocarbon flows through the channel of Smm in
diameter under 10atm pressure in the system and
backwater pressure of 5 atm. In this case a potential
difference AU reaches 700V. As it turned out, the
electric signal is a train of single pulses both, positive
and negative, with the number of positive ones well
above that of negative.

However the amplitude of negative pulses is
two or three times higher than that of positive ones
(Fig. 2). The electric signal recorded in the form of
discrete pulses was of high frequency. It could not be
synchronised, and some peaks could reach 1000V. A
reason of revealed behavior is not clear yet. Note,
that a discharge has a negative charge when
recording a total difference of potentials.
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Fig.2. Typical oscillogram of electric pulses

Test experiments have shown that a
hydrodynamic cavitation can have an essential
influence on the phenomena under observation,
intensify them, but it is not required to cause a
hydroelectric effect.

The important factor that has influence on
the micro-bubbles dimension and behavior in the
liquid is a backwater pressure. The experiments have
shown that under the backwater pressure of about 5
atm an intensity of electric signals gradually
decreases up to zero with the electric pulse form
being similar to that of the luminescence at ultrasonic
cavitation and sonoluminescence [2,3]. When
conducting the experiments, quite a fast rise and
rather slow drop of AU was observed. The fall time
of the single electric pulse intensity was
approximately about 30 [micro]s.
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Fig. 3. Double electric layer formation diagram
(A-A cross-section)

Results and discussion

The experimental investigations have shown
that the hydroelectric effect seems to be related to the
emergence of electro-kinetic phenomena and just in
part to the action of hydrodynamic cavitation [11].
The electricity transfer in ideally cleaned
homogeneous liquids with no gas micro-bubbles is
unlikely. Presence of micro-bubbles in liquid
influences on many phenomena, for example, leads to
appearing a hysteresis during hydrodynamic
luminescence [2,10].

In our experiments an electric charge formed
inside the tube through which hydrocarbon flows is
transferred in liquid by micro-bubbles, and then it can
be accumulated on the metallic electrodes, which are
connected to the recorder. A local liquid
electrification, in our opinion, relates to the double
electric layer formed on the interphase surface. The
double electric layer is formed on the inner surface of
tube through which liquid moves [10,11].

A mathematical model of phenomena under
consideration is mostly, similar to the local
electrification theory M.A. Margulis, one of the
authors [2,12], offered while developing a
mechanism of chemical and physicochemical effect
of ultrasonic waves [1,2].

Let us consider liquid motion in cylindrical
coordinate system. The axis x has a normal direction
to the inner surface of tube (Fig.3) liquid wards, the
axis z is in direction of liquid motion, and [phi] is an
angle of flow direction with respect to the vertical for
the throttle. With x < x4 (X; is slip boundary), charges
can move only together with the liquid surface layer.
Just these charges form an uncompensated electric
charge on the interphase surface inside the tube after
“washing off” a part of diffusion layer. In liquid there
is the same uncompensated electric charge of the
opposite sign. As a result, a disperse medium and a
disperse phase have opposite charges.

Keeping in mind that a value x; << r (7 is an
inner tube radius), the interphase surface can be
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treated as a plane one, and the charge density
distribution [rho], [rho] in liquid can be to high
accuracy described by one-dimensional Poisson
equation:

Do = -€6 (O°UIOX), (1)
where U is an electric potential, [epsilon] is a
dielectric permittivity of liquid, [epsilonzero] is a
dielectric permittivity of liquid. Thus, a flow rate
distribution in Newtonian liquid on the inner surface
of tube is described by the formula:

V(x)=Fy,-(x—x.)/(2mrlu),
2)

where Fy(x) is a Newtonian force appeared
due to viscous liquid layers moving with velocity
v(x); [ and r are, respectively, a length and a radius of
tube cross-section, [mu] is a liquid viscosity. Near the
solid surface with x ~ x;, a liquid flow can be viewed
as a laminar one, dv/dx and Fy being constant.

The charging current of the interphase
surface (electricity amount per unit of time) can be as
follows:

I=[[V@)p. sy,
(s) (3)

where (S) is a sectional area of the liquid
flow. Considering that p, (x) and v (x) are expressed
by formulas (1), (2), we obtain the following relation
for the charging current of the inner wall of tube [11]:

AU sy

e

[ = _Fur

“4)
In the latter transformation an integral
between the limits 0 and o is assumed to correspond
to electro-kinetic potential [zeta] (it is understood,
that in this case the upper limit of integration is an
inner tube orifice radius 7). For the liquid flow
“washing off” diffusion portion of double electric
layer the following force balance condition may be
written:
2mriuV (x) 2

Fy - p,

- where p is a pressure
applied to the throttle inlet section. For many systems
[zeta]< 0 and, besides, it change the sign. Therefore,
for simplicity, we omit signs before the factors mp
and [zeta]. Thus, a formula for charging current of
the wall inside the tube is as follows:

I E££0r2p§ _
M 5)

Taking into consideration that charging and
drain of electric charges (due to conduction current 7)
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are simultaneously accomplished we obtain a general
equation of uncompensated charge balance:
do/dt =1-i
(6)
Note that this and subsequent equations do
not use cavitation parameters of liquid flow.
Therefore, equations may be applied both under
precavitation operation conditions and under
cavitation ones. An electric potential on the wall
inside the tube is equal

o & 2rdl _o2ml _ Q
dree, 3 1 dreeyr  Ameeyr

()

Electric resistance is described by the

formula below
. .0

E I -
2
Hence, we obtain formula for the conduction
current:

P =
2eE,d,

(8)
where [lambdazero] is a specific factor of
electric resistance of liquid, [sigma] is charge density
on the wall inside the tube. Neglecting the flow
pulsations and assuming that the liquid flow rate
through the tube section is constant (i.e. only a charge
O depends on the time #), we obtain the following
equation for the electric charge balance Q (#), which
appears when liquid flows through the throttle:

do mes, ' pd  Q

dt ul 2e8,4,
)
An integration of equation (9) gives
)
nE'E 1
0= o PAG l-exp ——¢
7] 288,4,
(10)

For the steady-state conditions when ¢ —
and dQ(t)/dt — 0 a solution of equation (10) is as
follows:

ne’er’
O(0) = 78 &1 PAe )
il
(11
Equation (11) allows calculation of

accumulated electric charge.

Let wus calculate a stationary charge
accumulated on the inner surface of tube using the
values of experimental parameters: » =3.10° m, [ =
5.5.10% m, p = 1 MPa = 10 bar, [lambdazero] = 10°
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Ohm m, [zeta] = 1 V, [mu] =200 Pa s/m’. After
substitution of values in the formula (11) we obtain:
0(0)=1,7.10"C

It may be considered that the charge formed
on the inner wall of insulating tube is periodically
“washed-off” by the hydrocarbon flow containing gas
micro-bubbles and is applied to the stainless
electrode connected to the oscillograph (Fig. 1).
Electrons cannot independently migrate from
electrode to electrode across the hydrocarbon flow.
The active carriers of charged particles (electrons and
ions), in our opinion, can be weighted-in-liquid
microscopic gas bubbles. As known, a great number
of micro-bubbles (10 — 10° cm™) always exist in real
liquid, and they may be removed only by taking
special precautions. As soon as a micro-bubble with
charges adsorbed on it touches the right electrode, an
electric current pulse appears in the close-loop circuit
to switch on the first along the liquid path electrode
A, the second electrode C, jumpers, oscillograph, and
liquid hydrocarbon (Fig.1). The time to discharge the
close-loop circuit possessing a charge formed by the
bubble can be calculated using the electric resistance
of hydrocarbon fragment of length /. Thus, the
resistance of stainless electrodes and jumpers can be
neglected. By Ohm’s law Q (»)/ t = AU / R, where
[tau] is fall time of accumulating signal on the
oscillograph screen. According to results of
conducted experiments, a discharge signal average
time [tau] is approximately about 3.5.107 s. Taking
into consideration that R = /y/, the maximum
recorded potential difference between the electrodes
AU p0x = QO () Ay /(I ©) is consistent with obtained
stationary charge accumulating on the wall inside the
tube.

Understanding that O (0) = 1,7. 102 C, the
given formula allows us to calculate the amplitude of
maximum voltage in the pulse using the experimental
parameter, namely AU ,,, is approximately about
1000V. It correlates well with the experimentally
obtained values: AU ,,,, is approximately about 700 V

(Fig. 2).

Conclusion

Experimental results obtained in the work
verify a dependence of the electric charge density on
the key parameters:

. with increasing pressure p in the
tube from 5 to 40 atm the amplitude of electric
charges 8-10 times decreased;

. with decreasing electric resistance
of liquid Ao from 10" to 10°) Ohm m the
amplitude of positive and negative electric pulses 10°
times decreased;
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. with decreasing length of 1 passage
orifice from 8 to 0.5 mm the amplitude of electric
pulses 10 times increased [2,11];

This allows us to explain experimental facts
characterizing hydroelectric effect:

. high frequency random non-
synchronized electric pulses appearing in liquid;

. bipolarity of electric pulses;

. decreasing amplitude AU with

increasing backwater pressure to the point the process
stops;

. metallic electric
potential.

Conducted experiments described in the
paper [11] have shown that at one-electrode
measurement a tube material is of no importance.
This additionally proves the electro-kinetic
mechanism of the effects observed.

grid-shielded

Recommendations

A dielectric liquid flow in the tube turned
out to be the first available and reproducible model of
the splitting cavitation bubble. Really, during the
hydrodynamic cavitation there are also high-speed
liquid flows and interphase surface renewal. Electro-
kinetic effects cause a mechanism of cavitation
bubble electrification and liquid electrification as
well. Therefore, a very important fact is that the used
techniques can be efficiently applied to determine a
number of fundamental parameters characterizing
electro-kinetic phenomena, cavitation, and
sonoluminescence.

We hope that a hydroelectric effect we have
studied will find a broad practical use in industries
such as oil products transportation and processing,
etc.

So, it may be concluded:

1. The paper has revealed that a considerable
potential difference (up to 1000 V) arises in dielectric
liquid when it flows through the 6mm tube in
diameter with metallic electrodes arranged in its
initial and end sections.

2. The paper has studied that various factors:
electric resistance of liquid, pressure in the tube, and
length of the passage orifice influence on the
amplitude of electric pulses.

3. The paper has shown that an electric
potential emerges long before cavitation occurs. A
hydrodynamic cavitation intensifies the phenomena
observed, but it is not required for a hydroelectric
effect to be emerged.

4. The paper offers and justifies a
mechanism of the process based on a predominant
role of electro-kinetic phenomena.
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