ELECTROCHEMICAL MEASUREMENT OF FRICTION
IN TWO-PHASE FLOWS
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The total pressure drop for adiabatic two-phase flow in a channel of constant section is given by the
formula [1]

Ap= Ap; + vih (Y (@W"2 — ¢ W1") + Y[ (1 — @) We? — (1 — @)W "]y 1

Here ¢ isthetrue gas content, Aps is the frictional resistance, v.h is the gravity force term, and v
is the specific weight of the mixture, which depends on ¢. The expression in the braces accounts for the
acceleration losses, :

For the experimental determination of &y we must know ¢, and the methods for measuring ¢ [2, 3]
do not yield reliable results over a wide range of variation of the gas content in the flow.

The simplest approximation for calculating Apy is the homogeneous model, according to which
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Here W+ is the reduced mixture velocity, cf is the friction coefficient of the homogeneous flow [1],
d and L are the diameter and length of the channel, respectively. The relation proposed by Lockhart and
Martinelli [4] is also widely known,

Under more complex conditions, for example unsteady flow of a two-phase stream, there are no
methods for calculating the quantity Apf.

In the following we describe results of measurement of the tangential stresses onthe channel wall
for isothermal steady and unsteady flow of a two-phase stream using the electrochemical method. This
method was developed previously by Hanratty [5] for a single-phase fluid and was also developed in [6].
The idea of the method lies in measuring the 1imit diffusion current in an electrolytic cell consisting of
the electrolyte flowing in the channel, a large electrode (anode), and a polarized annular sensor (cathode),
The electrolyte is an 0.001-0,15 N agueous solution of ferri-ferrocyanide with a background 2N solution
of Na (OH). In the limit diffusion current regime the electrochemical reaction rate is determined only by
the mass transfer intensity between the cathode surface and the electrolyte stream. The connection
between the mass flux and the limit current I is expressed by the relation

g=1/Fz (3)

Here T is the Faraday number, z is the number of transferred electrons. For large Prandtil numbers
(P = 2430 in the case in question) the diffusion boundary layer thickness for sufficiently small sensor
dimension is much less than the thickness of the viscous sublayer. Then Landau's assumption {7] on linear
dependence of the longitudinal velocity component and the transverse coordinate y is valid

u= Ty / p (4)
Here Ty is the tangential wall stress, and M is the dynamic viscosity. The solution of the diffusion
boundary layer eqnation [5, 6] yields the connection between T, and I

—

1,85ur2 A N3
w ™ D

), ®)

Novosibirsk. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, Vol. 10, No, 5,
pp. 120-122, September-October, 1969, Original article submitted April 28, 1969,

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

797



Here A is the molecular weight of K3Fe(CN),, ¢y is the bulk
electrolyte concentration, D is the diffusion coefficient,! is the
streamwise longitudinal dimension of the sensor, and h is the sensor
width,

Formula (5) is valid for two-phase flow if there is a continuous
liquid film on the channel wall.

The experiments were conducted on horizontal and vertical tubes
using two different setups.

A schematic of one setup (for a horizontal tube) is shown in

4y ., Fig. 1. Both setups consist of closed circulation loops consisting of
7 /éfc . the stainless steel centrifugal pump 2, combination reservoir and
12 . i separator 1, gas and liquid flow meters, and stabilization segments.
3 e o ° ; Only vinyl plastic or plexiglass pipes were used in the loop. Pure
s ¢ / . 4l L nitrogen was used as the light phase @rrow @ shows gas input) to
8 z - avoid oxidation of the electrolyte by oxygen in the air and also because
7 /j g ¥ the decomposition potentials of oxygen and ferricyanide are very close.
P s o 9/ @ The liquid temperature was maintained at 25° C with the aid of a water
2 ‘Zﬁfi’— cooler 5 (arrows b ar}d ¢ denote water in and out). The temperat.ure
o of the two-phase medium was measured at the entrance to and exit
',
7; 7 p r from the test section bycopper — constantan thermocouples to within

0.1°C,

The effect of temperature on 7, is very significant, since the
viscosity and the diffusivity depend on temperature. The diffusivity
data were taken from {[8], and we measured the viscosity in the tem-
perature range from 17 to 35° C,

The test section 3 was made in the form of a plexiglass tube of diameter d = 11.2 mm and length
L = 100 mm. Nine electrochemical sensors were spaced at 5-10 mm intervals along the length of the
tube. The sensors were made in the form of 0.2 and 0.5 mm thick nickel strip rings. The gas-liquid
mixture was created by blowing gas through a porous tube (d = 11.2 mm) located three diameters from
the first sensor.

Particular attention was devoted to careful finishing of the working surface of the sensors. A check
of the sensor performance was provided by calibration conducted by comparing the values of the electro-
chemical measurement of Ty, with the pressure drop measurement and the values of Ty, calculated using
the well-known theoretical relations for different values of the Reynolds number R for a single-phase fluid.

The coefficient accounting for inaccuracy of the measurement of the working surface length for each
sensor remained constant over the entire R range from 10% to 1,2 °10°, The anode 7, made from the same
nickel strip, was located downstream. The measurement circuit included a 4-V, 10-20-Q dc source. The
magnitudes of the regulated voltage and the limit current in the circuit were measured by the voltmeter
13 and milliammeter 8 respectively.

The measurement of the ferricyanide ion concentration in the solution was made by potentiometric
titration,

In the experiments on the vertical tube (d = 15 mm) the sensors were 0.5 and 3 mm long and were
located 1 mm apart, Their indications of the value of T, agreed. The gas-liquid mixture was created
in a mixer at a distance of 150 diameters from the first sensor by injecting gas through a porous plate
or through a nozzle,

In the slug flow regime the true velocity of the gas phase was assumed equal to the slug velocity and
was determined from the time for passage of a single slug between two point electrodes. In this case the
true gas content was calculated using the formula

o= W/ W" )

Here W" is the velocity of the slugs, W" is the reduced velocity of the gas phase.
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Figure 2 shows the results of experiments for unsteady two-phase flow in a horizontal tube, presented
in the form of Ap, /L in (N/m . m?) as a function of the dimensionless reduced gas velocity W{'/W{; the
light circles are the averaged values of indications of nine electrochemical sensors, the dark circles are
the experimental data on static pressure drop; regions @), (b), and (c) correspond to the liquid velocities
Wy = 2.8, 4,13, 8.06 m/sec. The friction losses were determined using the formula

Apj/L = ry/d 1)

We see that the values of Ap /1 measured from the pressure droplie above the values obtained by
the electrochemical method. Thisf discrepancy is explained by the fact that the acceleration losses are
not taken info account in the first method, Curves 1, 2, 3 show the results of frictional resistance cal-
culations by the Lockhart-Martinelli method [4], using the homogeneous model, and using the recommen-
dations developed at the TsKTI (Central Boiler and Turbine Institute) [9].

Analysis of the experiments and calculations shows that the method of [4] yields good agreement
with experiment for the velocity Wy' = 8.06 m/sec. This method gives results which are too low at
lower reduced liquid velocity for values of Wo"/Wn' > 0.8.

Calculations using the homogeneous model and using the TsKTI standards give good agreement with
experiment,

Results of experiments on the vertical tube for a reduced liquid velocity of 1.1 m/sec are shown in
Fig, 3a, b in the form of Ty in (N/mz) as a function of the volumetric gas content discharge 5. In the case
of gas injection through the porous plate the transition from the bubble flow regime to the ‘slug flow regime
occurred for 8 ~ 0,43, while for gas injection through the nozzle the transition occurredfor 8 = 0.1,

In Fig. 3 the points are the experimental (electrochemical) results; the light points are for injection
through the nozzle, the dark are for injection through the porous plate; curve 1 is the calculation after
Lockhart-Martinelli, curve 2 is for the homogeneous model, We see fromthefigure that the friction is
higher in the bubble regime than intheslug flow regime,

Figure 3b shows the friction data obtained by the electrochemical method for injectionthrough the
porous plate, and also the values calculated using the formula

_d T
=7 [AP—TLU—B)] (8)
Here Ap is the measured static pressure drop.

In Fig. 3b the points 1 are for the electrochemical calculation, points 2 are the calculation using 8
and Ap, points 3 are the calculation using ¢ and Ap, We see from the figure that for 8 ~ 0,43 (in the slug
flow regime) the discrepancy between the values of 7, measured by the different methods is large. The
difference disappears if in (8) we use in place of B the value of ¢ found from (6).
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