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INVESTIGATION OF PRESSURE FLUCTUATIONS IN
A HORIZONTAL GAS —FLUID FLOW

N. N. Elin UDC 532.529.5

A method is proposed to compute the amplitude of pressure fluctuations in a
horizontal gas—1liquid flow.

The fluid in a gas—1liquid plug flow is distributed between the seals (plugs) and the
liquid film (Fig. 1) in a gas—fluid plug flow. The rapidly moving seal captures the liquid
from the film and accelerates it to the velocity of the plug. The same quantity of liquid
is lost here from the rear part of the plug by forming a film with the free surface which
is retarded because of the braking action of the tube walls and then is captured by the next
plug.

The pressure profile along the length of the flow at a fixed time is shown in Fig. 1.
The abrupt growth of the pressure in the forward part of the plug Aps is due to forces nee-
ded to accelerate the liquid from the film to the velocity of the plug. In the next zone
the linear diminution of the pressure occurs because of friction. The pressure in the film
zone is almost constant since the flow velocity is much less than in the plug.

We find the amplitude of the pressure fluctuations in the stream, equal to Apa, from
the impulse equation

C,
Apazz—;%{ul—_ug. (1)

The mass flow rate of the liquid captured from the film Gc is found from the mass con-
servation equation
(IC:'; pﬁF(p£2(c”—u2) (2)

Analysis of the material balance equation of the liquid and gas phases showed [1] that the
velocity of the liquid in the plug is quite close to the average velocity of the mixture
over the tube section
1 G G
ul:um:.—(__fx___!_ ) (3)
Experimental confirmation of this situation is disclosed by the discrepancy of less than 5%
between u; and u, [1].

The phase velocity that equals the mean true gas velocity over the section u according
to experimental data [1, 2] exceeds the fluid velocity in the plug by a quantity due to the
influx of liquid from the film

: G ‘ 2
C=tg= —ﬁg—uvmzul—i——b(—:—:ul-}— j)J?-'—(c«u.z). (4)
poFey Pe1

The joint solution of (1)-(4) yields

Nizhnevartov Scientific-Research and Design Institute of the Petroleum Industry. Trans-
lated from Inzhenerno-Fizicheskii Zhurnal, Vol. 56, No. 1, pp. 28-32, January, 1989. Ori-
ginal article submitted July 21, 1987.
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Fig. 2. Diagram of the experimental installation.

1—k 2/ ¢ \
Apy =0 ( )( Q'lﬂl)u‘.
y= PPy Y o m (5)

The ratio between the true and the discharge gas content k = ¢g/Bg for the plug gas—1liquid
flow is computed from the formula [3]

k= ko1 —exp (—4,4 V Fr/Frg ). (6)

The magnitudes of the true volume liquid concentrations in this expression in the plug zone
¢g, and the film ¢y, can be expressed in terms of the length of the gas—1liquid plug kggand
the liquid seal 2y. By definition of the true volume flow concentration ¢y = 1 — kBg =
[(bQ'lSLQ + ¢£2(2g2 - RQ,)]/KgSL’ from which B

1—@&119, — ko

1—T7, 1—1;°
where 2y = Qz/ggl- Substituting this expression into (5) we obtain

CL—k T gl —Ty) P
Ap, =p,o, VAR — g
o= ot [ )[(l—q)zlll)—k(ig |+ ®
The true volume liquid content in the plug is usually close to one, However, some
authors [4, 5] noted the appearance of a noticeable quantity of gas in the liquid seals as
the mixture velocity increased, which is associated with vortex formation in the forward
part of the plug during capture of the liquid from the film. Evidently, the maximal ampli-
tude of the fluctuations is achieved for ¢g¢;, = 1, i.e., when there is no gas in the seals.
Consequently, we obtain the following expression to estimate the greatest possible amplitude

Ap — /1 —k \2 1 o
pa'_p Q.\ P ) (]._._ b _I)llﬂ! (9)

——fg
1——12

Fg: = (7)

/

The ratio of the length of the liquid seal to the length of the gas-liquid plug %y must be
known for computations using this equation.

The recommendations known at this time for determination of the plug length are quite
contradictory., It is impossible to use some [1] for specific computations because they
require knowledge of quantities not ordinarily known in practice. Others [4], developed on
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Fig. 3. Plug lengths in a horizontal gas—1liquid flow: 1)
length of the liquid part of the plug %¢; 2) length of the
gas—liquid plug Kgg; 3) relative length of the liquid part
of the plug 2.

Fig. 4. Amplitude of the pressure fluctuations in a horizon-
tal gas—1liquid flow in a tube d = 56 mm: 1) Fr = 1; 2) 23
3) 4; 4) 8; 5) 16. Solid lines are a computation using the
method proposed and the dashes are a computation according
to [5]. Ap, mm water column.

the basis of experimental material obtained in a broad range of tube diameters, physical
properties of the liquid and the gas, yield physically impossible results in the limit cases
of a single-phase flow. Consequently, the purpose of our paper is the experimental invesgi-
gation of the influence of different two-phase flow parameters on the plug length and the
generalization of known results of other researchers, as well as comparison of computations
of the pressure fluctuation amplitudes by means of (9) with values obtained for %9 taken
into account and those measured in tests.

The measurements were performed on the experimental installation whose block diagrams
represented in Fig. 2. air from the compressor 1 is delivered through the plenum 2 and wa-
ter from the tank 3 is pumped by 4 into the mixer 5 in the form of a T-joint. The motion
of the gas—1iquid mixture occurred in horizontal glass tubes of length 4.2 m and inner
diameter of 13, 20, and 56 mm, after the experimental section 6 the mixture went to the sepa-
rator 7 from which the air was ejected into the atmosphere while the water was returned to
the tank 3. The liquid and gas mass flow rates were regulated by valves 8 and measured by
rotameters of the RS-3, RS-5, and RS-7 type [9].

A membrane strain gauge sensor of sensitivity 2 mm of a water column per 1 mm of the re-
corder scale 12 mounted at a distance of 2.7 m from the mixer was the pressure sensor 10. A
counterpressure whose magnitude was regulated by the valve 13 and selected by using the ma-
nometer 14 so that the sensor would operate on the linear section of the characteristic was
delivered to the membrane sensor. The signal from the sensor was magnified by a TA-9 type
strain station 11.

The plug lengths were measured by using the electrical dip stick 15 made from copper
electrically insulated wire of 0.5 mm diameter and placed in the stream by an uninsulated
endface at a distance of 1-1.5 mm from the upper generator of the tube, while the working
fluid was the comparison electrode. A constant voltage was delivered to the electrodes from
a galvanic cell 16 of 165 U type, which was regulated by the potentiometer 17. The current
in the electrical dip stick loop was recorded on 18. The passage of the liquid plug whose
length was determined from the formula %¢ = cx/W was determined by an abrupt rise in the
current. The length of the gas—1liquid plug was computed from the formula Loy = cy/W.
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The plug flow of a gas—1liquid mixture is probabilistic in nature since the plug lengths
fluctuate in a certain range. For instance, according to the data of [1] the deviation of
the length of a liquid plug from the mean value reaches 357 and the pressure drop on the plug
(the sum of Ap, and Apf) is 207. In practice it is important to know not only the mean values
of the plug lengths and the pressure fluctuation amplitudes but also the maximally possible
magnitudes.

Tests were performed for fixed values of the mixture Froude number equal to 1, 2, 4, 8,
16 and a varying bulk mass flow rate gas content from 0.2 to 0.8 with a spacing of 0.05.
Twenty measurements were made in each mode,

The results of measuring the average values of the liquid and gas~—1liquid plug lengths
as well as the quantities %4 are represented in Fig. 3. The solid lines correspond to empi-
rical formulas obtained by processing experimental data: :

l£=21dﬁg, (10)
B 85ﬁ1’25d
8T T, " (11
_ 0,0026
li=l—k(1+ o ) (12)

Results of measuring averaged values of the pressure fluctuation amplitnde in a 56-mm-
diameter tube are represented in Fig. 4. Results of computations using (9) in which the
magnitude of @& was computed by using (12) are shown by solid lines and computations using
the method in [5] by dashes. Comparison of the experimental and computed values shows that
for moderate gas-contents our method yields better agreement. As the gas content increases
the liquid seals become aerated resulting in a diminution in the fluctuation amplitude as
compared with that computed by means of (9). In this case better agreement is disclosed by
the method in [5].

In the interests of the best agreement with experiment, a correction factor

f1l—kN\, ., Fr 1 > (13)
A%qu k )@J 16ﬁg(1_—i—¢f_ﬁ%
| \ 1 —Q’ =B /

is introduced into (9).

The magnitudes of the root-mean-square deviations from the mean values of ¢, 2,9, Apy
increase noticeably as the mass flow rate gas c¢ontent rises to 307 for 2g, 377 for {59, and
22% for Ap,. Consequently, the magnitude of the fluctuation amplitude with this deviation
taken into account should be taken into account in the computations.

NOTATION

G, mass flow rate, kg/sec; u, velocity, m/sec; ¢, phase velocity, m/sec; W, rate of
tape advancement, m/sec; d, tube diameter, m; F, area of a tube section, m?; %, plug length,
m; X, distance on the tape where current growth is observed, m; y, distance on the tape be-
tween two successive current rises, m; p, pressure, Pa; p, density, kg/m*; B, mass flow rate
gas content, dimensionless; ¢, true gas content, dimensionless; k, a parameter, dimension-
less; Fr = u?/gd, Froude criterion. Subscripts: &, liquid; g, gas; g¢, gas—liquid; m,
mixture; c, capture; a, acceleration; f, friction; s, self-similar; v, viscosity; 1, plug;
2, film.
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