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Abstract—In this research the axial mass flow distribution of a two-phase flow in two laterally
interconnected channels with plate or smooth blockages in one of them has been determined. The
experiments were carried out with air—water mixtures at 20°C. The inlet mass fluxes were kept almost
constant (~2000kg/s m?) and the inlet void fractions were set at different values in the two channels.
Upstream from the blockage, the mass transfer from the blocked to the unblocked channel is very
important and increases with increasing blockage severity. With unequal inlet void fractions a non-
negligible fraction of liquid is transported from the high void to the low void channel before the onset
of diversion cross-flow caused by the blockage. In the downstream region the mass exchanges between
the channels are usually quite complex; still, mass flow equalization is reached before the end of the
interconnected region.
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1. INTRODUCTION

Most reactor fuel assemblies are arranged as rod-bundie fuel elements forming a network of
interconnected subchannels through which the coolant circulates. Because of the multiple inter-
actions between adjacent subchannels: turbulent mixing, diversion cross-flow, void and buoyancy
drift, the thermal-hydraulic study of rod bundles is a complex task. A basic understanding of
the above interactions under single- and two-phase flow conditions is essential to evaluating the
behavior of the fuel channel under normal and off-normal operating conditions.

In this investigation the effect of blockages on subchannel flows has been studied. One of the
consequences of the blockage of a subchannel or a group of subchannels is to divert, depending
on the blockage severity, some or all of the flow into the neighboring unblocked subchannels. The
flow recovery downstream of the blockage is a slow process and it may take many hydraulic
diameters before the flow is restored to its far upstream value. Therefore, immediately downstream
of the blockage, higher enthalpies will prevail in the blocked subchannels than in the unblocked
ones, and the heat transfer in these regions may be impaired. Thus, an adequate prediction of the
enthalpies and the heat transfer conditions in the downstream region requires detailed information
on the flow redistribution caused by the blockage.

This paper presents data obtained on two-phase flow redistribution between two laterally
interconnected channels when one of them is partially blocked.

2. PREVIOUS WORK

Single -phase Flows

The single-phase flow mixing between interconnected subchannels is governed by the following
possible mechanisms: (i) turbulent mixing; (ii) secondary flows; (iii) molecular diffusion; and (iv)
diversion cross-flow.

Stochastic pressure and flow fluctuations promote mixing by turbulent diffusion and this is
known as “turbulent mixing”. This mixing mechanism has been studied by Hetsroni et al. (1968),
Skinner er al. (1969), Walton (1969), Galbraith & Knudsen (1971) and Kjellstrém (1972). Mixing
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data obtained on interconnected subchannels is usually correlated as a function of the Stanton
number and eddy diffusivity coefficients. However, turbulent diffusion models alone could not
provide a satisfactory explanation of the experimental trends observed for different subchannel
geometries.

Several authors (Hetsroni ez al. 1968; Skinner et al. 1969; Kjellstrom 1972; Singh 1972; Rogers
& Tahir 1975) argued the existence of secondary flows which may reach the gap region and enhance
the turbulent mixing between subchannels. The first studies on secondary flows were carried out
by Nikuradse (1926) and Prandtl (1926). Even though the velocities of secondary flows in
interconnected channels are very low compared to the average axial velocities, they promote the
energy and momentum transport to the gap region (Lyall 1971; Rogers & Tahir 1975; Trupp &
Azad 1975).

For low Reynolds numbers and small gap clearances, a laminar sublayer around the gap may
be formed which prevents the turbulent eddies from penetrating to the neighboring channel. Under
these conditions, the major mixing mechanism consists of molecular diffusion (Galbraith &
Knudsen 1971; Singh 1972).

Diversion cross-flow is the directed flow caused by radial pressure differences between adjacent
subchannels brought about by the differences in the heat flux input and in the ratio of subchannel
heat flow area to coolant flow area, and by the swelling or bowing of fuel rods which partially or
totally block one or several subchannels. It is usual practice to model diverted flows by means of
transverse pressure loss coefficients (Rogers & Todreas 1968; Khan er al. 1971; Weisman 1971;
Tapucu 1977).

Diversion cross-flows induced by blockages under single-phase flow conditions have been fairly
well studied (Steifel 1971; Rowe ez al. 1973; Tapucu 1977; Creer et al. 1979; Gengay et al. 1984,
Tapucu et al. 1984a, b). In general, it is observed that in the upstream region, the diversion
cross-flow induced by blockages takes place over a relatively short distance. This distance depends
on the blockage severity and increases with increasing severity. Downstream of the blockage, the
recovery of the diverted flow by the blocked channel is a slow process and requires several tens
of hydraulic diameters before the flow in this channel is restored to its original value. However,
it has been observed (Creer er al. 1979; Gengay et al. 1984; Tapucu ez al. 1984a, b) that the pressure
differences between the channels approach zero quite rapidly in this region.

Two-phase Flow

Under two-phase flow conditions there exist two additional mixing mechanisms which may act
simultaneously with those observed for single-phase flows: “‘void drift” and “buoyancy drift”.
However, because of the highly stochastic nature of two-phase flows only the following four mixing
phenomena are considered as the most relevant (Tahir & Carver 1984): (i) turbulent mixing; (ii)
void drift; (iii) buoyancy drift; and (iv) diversion cross-flow.

The sophisticated instrumentation necessary to measure two-phase flows has often limited the
experiments to air-water mixtures and to relatively simple subchannel geometries (Rousel & Beghin
1966; Walton 1969; Bestenbreur & Spigt 1970; Van der Ros 1970; Gonzalez-Santalo 1971; Singh
1972; Rudzinski et al. 1972; Shoukri et al. 1982; Tapucu et al. 1986). However, experiments have
also been conducted with boiling fluorocarbons by Bowring & Levy (1969), Petrunik (1973) and
others. Using sophisticated experimental setups, Rowe & Angle (1969), Lahey er al. (1971) and
Castellana & Casterline (1972) have collected boiling water mixing data.

In single-phase flows, in the absence of mixing mechanisms others than turbulence, the
subchannel flow remains essentially constant, as does the pressure level in each subchannel at any
axial position. Therefore, in this flow there is little or no net mass transfer. In two-phase flows,
in addition to momentum and energy transfer there will likely be a substantial net mass transfer
induced by turbulence. Van der Ros (1970) modeled the turbulent gas mass exchanges as a diffusion
process with the transverse void gradient as the driving force. However, it is a well-known fact
that the void distribution may tend toward a nonuniform equilibrium void distribution and non-
negligible void gradients may exist between the subchannels when the net gas mass transfer is zero.
This behavior is explained by the “void drift” mechanism, observed for both adiabatic and diabatic
flow conditions (Lahey & Schraub 1969; Lahey et al. 1972). Lahey et al. (1972) and Gonzalez-
Santalo (1971) attempted to model the void drift on the basis of a diffusion process.
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Figure 1. Experimental facility.

In horizontal subchannels, the void is pushed upward normal to the major flow direction due
to the difference in densities between the phases. This phenomenon, known as “buoyancy drift”,
may force the flow toward a stratification. Shoukri et al. (1982) carried out horizontal two-phase
flow experiments to determine turbulent mixing and gravity separation effects. Diversion cross-
flows associated with unequal inlet flow conditions to the subchannels have been studied for vertical

and horizontal two-phase flows by Tapucu and coworkers (Tapucu er al. 1986; Tapucu & Gengay
1980).

3. EXPERIMENTAL FACILITY

Figure 1 shows the experimental facility used to perform the blockage experiments. The test
section (figure 2) is made up of two 12.65 mm square channels machined from transparent acrylic
blocks. The channels are separated by an intermediate plate in which a slot was machined. The
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Figure 2. Cross-sectional view of the test section and tracer sampling system.
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Table 1. Geometric parameters of the test section

Gap clearance 1.5 mm
Gap thickness 3.2 mm
Hydraulic diameters
Channel 1* 12.7 mm
Channel 1 12.4 mm
Channel 2° 12.8 mm
Channel 2 12.6 mm
Cross-sectional area
Channel 1 160 mm?
Channel 1? 162.4 mm?
Channel 2 163.1 mm?
Channel 2° 165.5 mm?®
Length of the interconnection 1312 mm

®Including half of the interconnecting gap.
The mid-plane of the blockage is located 272 mm
downstream of the interconnection.

relevant geometric parameters of the test section are given in table 1. Plate and smooth blockages
(figure 1) of varying severities were mounted in channel 1 on the wall opposite to the interconnec-
tion gap, approx. 22 hydraulic diameters (D) downstream of the beginning of the interconnected
region.

The water is supplied to the channels with a pump connected to a constant head water tank.
The air is supplied from the mains of the laboratory and regulated by a relieving-type regulator.
The mixing of the liquid and the gas phases is accomplished in a mixer. The average diameter of
the generated bubbles, determined by a photographic method, was found to be of 1.5 mm. At the
outlet of the test section, the two-phase mixture flows into an air-water separator tank which
consists of two compartments, one for each channel. The compartments are open to the atmosphere
and their water levels are kept constant. The water flow rates at the inlet of each channel and at
the outlet of channel 1 after the separator tank are measured with turbine flowmeters. The flow
rate of the air is measured with rotameters.

The measurement of liquid-phase mass exchanges between the blocked and unblocked channels
is achieved by injecting a NaCl solution into the blocked channel and determining the variation
of NaCl concentration in both channels by sampling the liquid phase. A schematic of the tracer
sampling system is given in figure 2. For sampling in the region upstream of the blockage, the NaCl
solution was injected before the phase mixer; for sampling in the downstream region, the injection
was done in the recirculation zone which develops behind the blockage. The turbulence prevailing
in this zone ensures an adequate mixing of the brine with the flow over a very short distance. A
KMnO, dye solution was injected in this region to verify this feature. The sampling is performed
at three locations in the region upstream of the blockage and at seven locations in the downstream
region. To get a good idea of the average concentration at a given location, the sampling is also
done at five equidistant points in the transverse direction. Additional sampling was also performed
at the inlet of the blocked channel when the tracer was injected before the mixer and at the exit
of both channels when it was injected immediately downstream of the blockage. The NaCl
concentration in the samples was determined by a conductivity meter with an accuracy of +1%.
The average tracer concentration was 600 mg/l and it is assumed that the physical properties of
water, except its conductivity, are not affected.

Two blockage configurations have been studied: plate and smooth. The shape of the latter was
a cosine. The plate blockage could be moved continuously in the transverse direction to achieve
any blockage fraction. Table 2 gives the geometric parameters of the blockages.

4. EXPERIMENTAL PROCEDURES

Liquid-phase Mass Exchanges

In section 3 we outlined the method with which the liquid mass exchange between the channels
were determined. The NaCl concentrations in both channels in conjuction with the tracer mass
conservation equation allow the determination of the liquid masses exchanged between the
channels. Figure 3 shows the liquid mass flow entering and leaving the control volumes as well as
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Table 2.
Plate Blockage
Area reduction (%)* 319 61.0 90.0
Thickness, L (mm) 32 3.2 32
Height, # (mm) 41 7.9 11.6
Smooth Blockage
Area reduction (%)* 58.0 88.1
Length, L (mm) 49.9 50.5
Height, 4 (mm) 7.5 11.4

Including half of the interconnecting gap.

the tracer influx and efflux. Applying the tracer mass conservation principle to the control volumes,
yields:

blocked channel (i),

, 0(Cim,)
Cidw — Cow’ = ————= dz; (1
and
unblocked channel (i),
Cow — Cow’ = % dz; (2]

where dw and dw’ are the mass exchanges between the channels, and m and C are the mass flow
rate and the average tracer concentration in the channels, respectively. Discretization of these
equations yields the following relationships.

Blocked channel (i)
(a) Tracer injection upstream from the blockage,

- Ci.n_Cj.n+l Cjn+l_Cj.n 3
Mgy =m, C - m, C . 3]
in+1 T “in+d iin+l1 = “in+1

(b) Tracer injection downstream from the blockage,

Ci n -G n C'.n - C'.n
mi,n=mi.n+l~a::l__—cjzi'+mj.n+|é?:l_aj—' [4]

Exchanging the subindices i and j, two similar equations for the unblocked channel may be
obtained. In order to use these equations the inlet concentrations C, , and C,,, the outlet
concentrations C; y and C; y, the inlet flow rates m; , and m; ,, and the outlet flow rate in the blocked
channel m, y have to be measured. ‘

The uncertainties in the liquid mass transfer are +3%; however, close to the blockage these
uncertainties are expected to be about +12%.

Net Gas Mass Transfer

The net gas mass transfer from the blocked channel to the unblocked channel in the upstream
region of the blockage, and in the opposite direction in the downstream region is determined by
three different methods. They employ, respectively:

1. The relationship between the volumetric flow quality, the void fraction and the
mass flow rate of the liquid phase ({(8)> = B (¢, m.)).

2. The relationship between the averaged volumetric flux of the gas, the void fraction
and the mass flow rate of the liquid phase ((Jg) = J5(¢, my)).

3. The relationship between the void fluctuations propagation velocity, the void
fraction and the mass flow rate of the liquid phase (U = U(e, m,)).

The above relationships have been determined by Tapucu et al. (1988) using a single channel
without blockage. Their application to interconnected channels is justified by the fact that the
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Figure 3. Control volume for liquid mass exchange.

responses of the conductive void gauges, under vertical flow conditions, are quite insensitive to the
radial void distributions. In turn, the absolute pressure of the flow measured at the middle of the
test section during single-channel experiments differs from those of two interconnected channels:
therefore, the dependence of each of these relationships on the absolute pressure has also been
studied. It has been observed that only the {J;)> function required a pressure correction.

1. Method based on the volumetric flow quality B, m,)

This method consists of using the information on liquid mass flow rates (as determined by the
tracer technique) and void fractions along the interconnected region (Tapucu et al. 1988) in
conjunction with the volumetric flow quality curve given in figure 4. The volumetric flow quality
is defined by

Qc
Qc+ 0

where Qg and @, are the volume flow rates of the gas and liquid phases. From this equation Qg
can be written as

B>= (5}

<B>

0= 05 (6]
In this equation the void fraction and liquid mass flow rates are known and the values of § in
the blocked and unblocked channel are determined from figure 4. An error analysis showed that
the uncertainty in this method depends on the void fraction and for void fractions varying from
10 to 60% the uncertainties are between +6 and +12%. Therefore, for better accuracy, the gas
mass flow rates were determined in the low void channel. The gas mass flow rates in the high void

channel were then obtained from mass balance considerations.

2. Method based on the volumetric flux of the gas Jg(c, m,)

In this method, the volumetric flux of the gas, Jg(¢, m,) (figure S), was used instead of the
volumetric flow quality to determine the gas flow rates. Because of the pressure difference which
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exists between the single-channel and two-channel blockage experiments, the value of {(J;)> for a
given void fraction and liquid mass flow rate in the interconnected region should be corrected. This
correction is done by using empirical relationships previously determined under single-channel flow
conditions.

The mixture mass conservation equation for steady-state two-phase flows is given by

0
2 oL+ Js>pg) =0. gl

Assuming an adiabatic flow, the above equation yields:

1dp

2 == 8

poz’
For two interconnected channels, the discretized form of this equation is written as
| —pl 2 —p?
J'o,»+.+Jé,-+.=<1—"'—*:—ﬁ )Jai+(1+’”+—;ﬁ )J 9]
Pivip2 Pivip

This equation is used to calculate the gas mass flow rates in the blocked or unblocked channel.
The inlet volumetric fluxes are known and the values of J§,,, (or J;,,) are taken from figure 5.
For the above void fraction range the uncertainties of this method vary from +4 to +12%.

3. Method based on the void fluctuation propagation velocity

In this method, the information on the U/{J;) ratio obtained under single-channel flow
conditions (figure 6) has been employed to determine the gas flow rates. In two interconnected
channels, the variation of the void fluctuation propagation velocity has been determined by

MF 15/4—1
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cross-correlating the void signals produced by two successive void gauges. This information in
conjunction with the void fractions and liquid mass flow rates in the channel and the relationship
[U/{J5))eas shown in figure 6, enable us to calculate the gas mass flow rate with

_U_]
<JG> jcal .

[U/{Js>)a is obtained by using the void fractions and the liquid mass flow rates as measured
in two interconnected channels. The basic assumption made in this method is that, for a given void
fraction, the void fluctuation propagation velocity is insensitive to the void profile differences which
may exist between the single-channel flow and two-interconnected-channel flow because of the
lateral inflow and outflow. This assumption does not hold true when lateral inflow and outflow
are substantial, i.e. in the neighborhood of the blockage. Therefore, the results of this method
should only be accurate for regions far from the blockage. For the above void fraction range the
uncertainties of this method vary from +4 to +9%. However, close to the blockage this method
is not reliable.

<JG>tch = Ulch|: [10]

5. EXPERIMENTAL RESULTS

Three blockage fractions have been used for plate blockages—30, 60 and 90%; whereas smooth
blockages were limited to blockage fractions of 58 and 90%. For each blockage fraction a set of
three experiments was conducted:

1. Equal void fractions at the inlet of each channel.
2. Unequal inlet void fractions with high void at the inlet of the blocked channel.
3. Unequal inlet void fractions with high void at the inlet of the unblocked channel.

The inlet mass flux in each channel was maintained almost constant for all the runs
(= 2000 kg/s m?).

Following the groups identified above, this paper presents the axial mass flow distributions
obtained for 30 and 90% plate blockages, and for a 58% smooth blockage. More data on liquid
and gas flow rates are given by Tapucu et al. (1988).

08
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Liquid Mass Flow Rates

1. Equal void fraction at the inlet of the blocked and unblocked channels

In the upstream region the effect of the 30% plate blockage and 58% smooth blockage on the
liquid transfer is felt approx. 190 mm from the blockage (figures 7.1a and 7.2a). For 90% plate
blockage practically all the liquid is transferred from the blocked channel to the unblocked channel
(figure 7.3a).

In the downstream region, the mass exchanges between the channels are quite complex. For
30% plate and 58% smooth blockages, the blocked channel first recovers more liquid than it lost
(figures 7.1a and 7.2a). Consequently, the flow rate in this channel exhibits a maximum and then
decreases. For 90% plate blockage the liquid recovery is a relatively fast process (figure 7.3a).
A tendency toward an equalization of the liquid flow rates in the channels is observed far from
the blockage (45 D, for 30% plate and 58% smooth blockages and 20 D, for 90% plate blockage).

2. Unequal void fractions with high void at the inlet of the blocked channel

In the upstream region, the mass flow rates in the blocked channel start decreasing with the
beginning of the interconnection (figures 7.4a, 7.5a and 7.6a). Far from the blockage this
decrease is mainly due to the net liquid transfer from the high void channel to the low void channel.
Figure 7.10a, reproduced from Tapucu & Gengay (1980) shows the liquid mass flow rates in two
laterally interconnected channels without blockage. It is observed that immediately after the
beginning of the interconnection the liquid flow rates in the low void channel increase quickly to
an asymptotic value. The net liquid transfer is mainly due to the diversion cross-flow induced by
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Figure 7.1a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

the pressure difference between the channels and also to the liquid carried by the bubbles during
their migration from the high void channel to the low void channel. The same behavior is also
observed in blocked interconnected channels far upstream of the blockage. The effect of the
blockage is felt as far as 120 mm (10 D,) in the upstream region.

In the downstream region, for 30 and 90% plate blockages (figures 7.4a and 7.6a), the blocked
channel gradually recovers the liquid it lost. In this region, for 58% smooth blockage, figure 7.5a,
the blocked channel recovers more liquid than it lost, goes through a maximum and then decreases
to reach an asymptotic value. Far from the blockage the differences between the flow rates in the
channels are not substantial.
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Figure 7.1b. Gas mass flow rates in the unblocked channel.



AXIAL MASS FLOW IN CHANNELS WITH BLOCKAGES 615

VERTICAL FLOW, RUN #10
BLOCKAGE, SMOOTH: 58.0%

INLET FLOW CONDITIONS

900

~ o h

5 iy l BCH(D) UBCH(*)
ES ) | 6. (kg/n’s) 2009.0 1973.0
s=7] I 6g (kg/m?s) 10.5 10.9
® e e (%) 59,7 60.5
28

2 "] |

a§__ I

5- .}
S -z
58 | = -

700
1

BLOCKAGE

i 1 | | I I 1
S0 60 70 80 90 100 110

AXIAL POSITION (CM)

1
L2
o

!
N —
o

1
o
O
o
N
o
[£]
o
oo
(=]

Figure 7.2a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

3. Unequal void fractions conditions with high void at the inlet of the unblocked channel

Upstream of the blockage, for 30% plate blockage (figure 7.7a) and 58% smooth blockage
(figure 7.8a), the liquid flow rate in the blocked channel first increases slightly and then starts
decreasing. The liquid transfer caused by the void difference between the channels and that caused
by the presence of the blockage act in opposite directions and depending on the relative importance
of each of these components the flow rate in the blocked channel increases or decreases. Far
upstream of the blockage, the blocked channel receives more liquid than it has lost; therefore, the
flow rates increase. The situation reverses close to the blockage where a decrease in the flow rate
is observed. For 90% plate blockage (figure 7.9a) the diversion cross-flow caused by the blockage
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Figure 7.2b. Gas mass flow rates in the unblocked channel.
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Figure 7.3a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

is overwhelming; therefore, flow rates in the blocked channel decrease slowly at first and then very
quickly close to the blockage.

The flow rate downstream of the 30% plate blockage (figure 7.7a) increases very rapidly past
its original value and then decreases to establish almost equal flow rates in the channels. The same
pattern is also observed for the 58% smooth blockage (figure 7.8a) with the only difference being
the flow rate in the blocked channel decreases slightly after reaching its original value. For the 90%
plate blockage (figure 7.9a) the flow recovery by the blocked channel is quite slow and long
distances are required to achieve equal flow rates in the channels.
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Figure 7.3b. Gas mass flow rates in the unblocked channel.
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Figure 7.4a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

Gas Mass Flow Rates

The net gas mass transfer from the blocked channel to the unblocked channel in the upstream
region of the blockage, and in the opposite direction in the downstream region was determined
by the three different methods outlined in section 4. These methods were based on the volumetric
flow quality, the volumetric flux of the gas and the void fluctuations propagation velocity.
Figures 7.1b-7.9b show the gas mass flow rates obtained in the unblocked channel by the above
three methods. The agreement between the first and the second methods is always excellent. The
agreement of the third method with the others, except in the immediate vicinity of the blockage,
is very satisfactory.
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Figure 7.4b. Gas mass flow rates in the unblocked channel.
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Figure 7.5a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

1. Equal void fractions at the inlet of the blocked and unblocked channels

The effect of the blockage on the gas mass transfer is felt as far as 120 mm (10 D, ) in the upstream
region for all blockages (figures 7.1b, 7.2b and 7.3b) and the gas flow rate in the unblocked channel
increases rapidly.

In the downstream region, gas flow rates in the unblocked channel for 30% plate (figure 7.1b)
and 58% smooth blockage (figure 7.2b) first decrease and then increase. The minimum value
observed during this variation was less than or equal to the flow rate at the inlet of the channel.
Far from the blockage the flow rates return almost to their inlet values. For a 90% plate blockage
(figure 7.3b), in the downstream region, the gas flow rate decreases very rapidly in the immediate
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Figure 7.5b. Gas mass flow rates in the unblocked channel.
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Figure 7.6a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

vicinity of the blockage and at a much slower rate in the outlying region. However, the flow rate
in this region remains higher than that at the inlet of the unblocked channel.

2. Unequal void fractions with high void fraction at the inlet of the blocked channel

In the upstream region, because of the void migration caused mainly by pressure differences
and void gradients between the channels, the gas transfer from the blocked channel to the
unblocked channel starts with the beginning of the interconnected region (figures 7.4b, 7.5b
and 7.6b). Figure 7.10b (Tapucu & Gengay 1980) shows the variation of gas flow rates in the
low void channel of two laterally interconnected channels without blockage. Substantial gas
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Figure 7.6b. Gas mass flow rates in the unblocked channel.
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Figure 7.7a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

transfer has been observed from the high void channel to the low void channel. This transfer is
the consequence of void migration from the high void channel to the low void channel. Far from
the beginning of the interconnection, the void migration decreases appreciably as does the gas
transfer. The same behavior has also been observed in the far upstream region of the blockage and,
consequently, the gas flow rate in the unblocked channel starts increasing; when the effect of
the blockage is felt, for example in figure 7.6b, the increase in flow rates becomes very substantial.
In the downstream region, the unblocked channel retains most of the gas it has gained. Far
from the blockage, the gas flow rates are either constant (figure 7.2b) or vary slightly (figures 7.5b
and 7.6b).
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Figure 7.7b. Gas mass flow rates in the unblocked channel.
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Figure 7.8a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

3. Unequal void fractions with high void fraction at the inlet of the unblocked channel

Because of the void migration, the gas flow rate in the unblocked channel starts decreasing at
the beginning of the interconnections. Subsequently, this channel recovers some of the gas it has
lost when the effect of the blockage is felt (approx. 120 mm upstream of the blockage, figures 7.7b,
7.8b and 7.9b). In the downstream region the flow rates decrease quite steadily to reach an
asymptotic value.
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Figure 7.8b. Gas mass flow rates in the unblocked channel.
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Figure 7.9a. Liquid mass flow rates in the blocked (BCH) and unblocked (UBCH) channels.

6. CONCLUSIONS

In this paper the axial distributions of liquid and gas mass flow rates in two laterally
interconnected channels with blockages in one of them have been presented. The experiments
were conducted on adiabatic two-phase flow which consisted of a mixture of air and water at 20°C.
Two blockage configurations have been studied: plate and smooth. The shape of the latter was
a cosine.

In the upstream region, the liquid mass transfer from the blocked channel to the unblocked
channel is very important and increases with increasing blockage severity. For unequal voids at
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Figure 7.9b. Gas mass flow rates in the unblocked channel.
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Figure 7.10a. Liquid mass flow rates in two laterally interconnected channels without blockage (Tapucu
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Figure 7.10b. Net gas mass transfer from the high void (H.V.) channel to the low void (L.V.) channel
in two laterally interconnected channels without blockage (Tapucu & Gengay 1980).
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the inlet of the channels, the liquid mass transfer immediately downstream of the beginning of the
interconnection is mainly due to the entrainment effect of the bubbles during their migration from
the high void channel to the low void channel and to the diversion cross-flow induced by the
pressure differences between the channels. Therefore, depending on the channel in which the high
void is introduced, the liquid mass transfer may take place from blocked channel to unblocked
channel or vice versa. When the effect of the blockage is felt the transfer is always from blocked
channel to unblocked channel mainly due to diversion cross-flow.

In the downstream region, the liquid mass exchanges between the channels are usually quite
complex. Two general trends have been observed:

(i) The blocked channel first recovers more liquid than it lost. Consequently, the
flow rates in this channel increase, go through a maximum and then decrease to
an asymptotic value.

(ii) The blocked channel gradually recovers the liquid it has lost.

Two mechanisms are mainly responsible for the gas mass exchanges between the channels:
diversion cross-flow where the driving force is the pressure difference between the channels, and
turbulent void diffusion where the driving force is the void gradient between the channels. Void
drift starts playing a role only far downstream of the blockage.

For equal void fractions at the inlet of the channels, the gas mass transfer from the blocked to
unblocked channel occurs within a distance of 10 D, upstream from the blockage. For unequal void
fractions at the inlet of the channels, the gas mass transfer observed with the beginning of the
interconnected region is the consequence of void migration (consisting mainly of diversion
cross-flow and void diffusion) from the high void channel to the low void channel. Depending on
the channel in which the void is introduced, the effect of the blockage is felt by a rapid increase
in the gas flow rates in the unblocked channel (high void in the blocked channel) or by a decrease
in the gas flow rate in the blocked channel when diversion cross-flow caused by the blockage
overwhelms turbulent void diffusion (high void in the unblocked channel). In the region
downstream of the blockage two kinds of behavior have been observed:

(a) the gas flow rate first decreases, goes through a minimum and then increases to
an asymptotic value
or
(b) it decreases to an asymptotic value.
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