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Abstract—Pressure drop data obtained from two laterally interconnected channels, under two-phase
(air-water) flow conditions is presented. Two types of blockages, plate and smooth, were used to restrict
the flow area of one of the channels from 70 to 10% of its nominal value. The blockage induces large
radial pressure differences between the channels, and the pressure equalization may require several
hydraulic diameters before it is reached. The irreversible pressure loss produced by the blockage depends
on the blockage shape and severity, and on the void distribution between the channels.
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1. INTRODUCTION

The consequence of a partial or complete blockage of a subchannel or a group of subchannels in
a nuclear fuel bundle is to divert some, or all, of the flow into neighboring unblocked ones.
Although the pressure equalization between the channels downstream of the blockage is a rapid
process, the flow recovery within the blocked channel in the same region is, usually, a slow process.
Several hydraulic diameters are required before the flow is restored to its far upstream value.
Therefore, immediately downstream of the blockage, higher enthalpies will prevail in the blocked
subchannels. The heat transfer in these regions may be impaired due to insufficient coolant, or
enhanced because of increased turbulence. An adequate prediction of the enthalpies and heat
transfer conditions in the downstream region requires detailed information on the flow redistri-
bution caused by the blockage.

The aim of this paper is to present pressure drop data obtained from the two laterally
interconnected channels when one of them is obstructed by blockages of various sizes. The data
on void fraction and liquid and gas mass flow rates have been presented previously (Teyssedou
et al. 1989a, b).

2. LITERATURE SURVEY

Data on the pressure distribution in interconnected subchannels with blockages and under
two-phase flow conditions are, to the best of the author’s knowledge, non-existent. However, some
data have been obtained on the pressure field created by sudden area changes and by inserts in
a single channel under single-phase flows by Lafay & Picut (1974), Sparrow et al. (1979) and
Tapucu et al. (1984a), and for two-phase flows by Janssen & Kervinen (1964), Weisman et al.
(1978), Salcudean et al. (1983a—c), Fairhurst (1983), Simpson et al. (1983), Chen et al. (1986) and
Tapucu et al. (1988a). Aside from the axial pressure distribution, and in some cases radial pressure
gradients (Lafay & Picut 1974; Sparrow et al. 1979), the investigators have mainly focused on the
irreversible pressure losses caused by the flow area changes.

The experiments on two interconnected channels were motivated by the need for detailed
information on the pressure field, and on the redistribution of the flow between the channels, when
substantially different flow rates prevail at the beginning of the interconnected region. Data on
pressures and liquid flow rates in interconnected channels without blockage have been presented
by Tapucu & Merilo (1977a, b). One of the first two-channel experiments with a blockage in one
of them was conducted with a single-phase fluid by Stiefel & Nothiger (1969; Stiefel 1971, 1972).
They utilized two rectangular channels connected laterally by an adjustable gap formed by two oval
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Figure 1. Cross-sectional view of the test section.

rods. A movable plate was used as a partial blockage. The authors observed that the upstream
influence of the blockage on either the pressure or the mass flow rate could only be detected over
a short distance (approx. 8 hydraulic diameters). Substantial pressure differences between the
channels were observed in the region of high cross-flow velocities. Downstream of the blockage,
the pressure equalization took place within a short distance (approx. 8 hydraulic diameters).
However, a very gradual readjustment of the mass flow distribution was observed. Similar
observations have also been made by Rowe (1973), Gengay et al. (1984) and Tapucu et al. (1984b).

The hydrodynamic behavior of two interconnected channels under two-phase flow conditions
has been studied by Tapucu et al. (1982, 1988b). For unequal flow conditions at the beginning of
the interconnected region, they produced detailed information on pressures, redistribution of void
and liquid and gas mass flow rates between the channels.

3. EXPERIMENTAL APPARATUS

The details of the apparatus used to perform the blockage experiments have been given
previously (1989a, b). The test section (figure 1) is made up of two 12.65 mm square channels
machined from acrylic blocks. The channels are separated by an intermediate plate into which a
long slot has been machined. The relevant geometric parameters of the test section are given in
table 1. Plate and smooth blockages of varying size were mounted in channel 1 on the wall opposite
the interconnection gap. The two-phase flow is generated by mixing the water and air in a mixer
located upstream of the test section.

The pressure along the unblocked channel and pressure differences between the blocked and
unblocked channels are measured with Statham pressure transducers every 38.1 mm. Far from the
blockage, the measurement interval has been increased to 76.2 mm. The region over which the
pressures were measured extends to 514 mm upstream and 857 mm downstream of the blockage.
Figure 2 shows the locations at which the pressures were measured. After conditioning, the
electrical signals from the pressure transducers were sent to an integrating digital voltmeter. This
allowed measurement of the pressure over a predetermined time interval (usually 50s) and
determination of its mean value. According to manufacturer specifications, the combined

Table 1. Geometric parameters of the test section

Gap clearance 1.5mm
Gap thickness 3.2mm
Hydraulic diameters
Channel [° 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.
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Figure 2. Location of pressure taps, void gauges and tracer sampling stations.

nonlinearity and hysteresis errors of the pressure transducers are <1%. The pressure in the blocked
channel, 272 mm upstream of the blockage, is measured relative to the atmospheric pressure with
a Meriam manometer. Therefore, the absolute pressure along the channel can be determined.

Two blockage configurations were studied: plate and smooth. The shape of the latter was a cosine
defined as

y = H cos (%) (1]

where H is the blockage height, z is the axial length and L is the blockage length.
The plate blockage could be moved continuously in the radial direction to adjust the blockage
area. Table 2 gives the geometric parameters of the blockages.



464

PRESSURE DROP (KPA )

RADIAL PRESS. DIFF. (KPA)

50

40

3o

20

10

A. TAPUCU er al.

o

Table 2
Plate Blockage
Area reduction (%)* 31.9 61.0 90.0
Thickness, L (mm) 32 32 32
Height, H (mm) 4.1 7.9 11.6
Smooth Blockage
Area reduction (%)? 58.0 88.12
Length, L (mm) 499 50.5
Height, H (mm) 7.5 114
*Including half of the interconnecting gap.
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Figure 3a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 3b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.
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Figure 4a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 4b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

4. EXPERIMENTAL RESULTS

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

1. Equal inlet void fractions: 60% at the inlet of each channel.

2. Unequal inlet void fractions with high void at the inlet of the blocked channel:
60 and 0% void fractions at the inlet of the blocked and unblocked channels,
respectively.

3. Unequal inlet void fractions with lugh void at the mlet of the unblocked channel:
0 and 60% void fractions at the inlet of the blocked and unblocked channels,
respectively.
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Figure 5a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 5b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

Only the pressure field obtained for 30 and 90% plate blockages, and for a 60% smooth blockage
are presented in this paper. More data on pressures are given in Tapucu et al. (1988a).

Axial Pressures

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

The pressures upstream of the blockage in the blocked and unblocked channels are equal and
decrease quite linearly up to the point of onset of diversien cross-flow caused by the blockage
(figures 3a—5a). For plate blockages, starting from this point, the pressure increases in the blocked
channel and decreases in the unblocked channel (figures 3a and 5a). The increase in pressure in
the blocked channel is due to the fact that the pressure gains, caused by the stagnation of the flow
by the blockage and the deceleration resulting from the mass transfer to the unblocked channel,
is far greater than the pressure loss due to the wall friction (in the channel and interconnected
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region). The situation for smooth blockages is somewhat different: starting from the point of onset
of diversion cross-flow (figure 4a), the pressure in the blocked channel first increases slightly,
showing that the pressure rise is slightly higher than pressure loss, and then decreases. This decrease
is caused by the acceleration of the flow within the blocked region up to the vena contracta. In
turn, the pressures in the unblocked channel, for both type of blockages, decrease regularly due
to the acceleration caused by the lateral inflow.

In the blocked channel, the substantial pressure drop within the blocked zone is mainly the
consequence of the flow acceleration up to the vena contracta and the energy dissipation due to
vortex formation. Downstream of the blockage, only partial pressure recovery occurs and is due
simultaneously to the deceleration of the flow during the expansion from the vena contracta to the
flow section of the channel, and to the deceleration of the lateral inflow. As long as the gains in
pressure are higher than the losses, the pressure in the blocked channel increases. When the
equilibrium between the gains and losses is established, the pressure goes through a maximum and
then starts decreasing. The pressure recovery in the blocked channel is accomplished over a distance
of 60 mm (5 hydraulic diameters) downstream of the blockage, irrespective of the blockage shape
and severity and the void fraction. In the unblocked channel, mainly because of the deceleration
of the flow, the pressure drops gradually until it equals the pressure variation in the blocked
channel.

The difference between the minimum pressure in the blocked channel upstream of the blockage
and the maximum pressure downstream of the blockage (points A and B, respectively, in figure
5a) accounts for the irreversible pressure drop caused by the blockage, and the friction and
acceleration pressure drop as well. As pointed out by Tapucu et al. (1988a), the irreversible pressure
loss caused by the blockage depends on the blockage severity, on the blockage shape and on the
void fraction.

Between the beginning of the interconnected region and the point of onset of diversion cross-flow
(Teyssedou et al. 1989b), the pressure gradients in both channels are almost constant. However,
some variation in the pressure gradient is observed in the downstream region of the blockage. This
variation is mainly due to the mass exchange between the channels and to the expansion of the
gas due to decreasing pressure. It is only very far from the blockage that the pressure gradient can
be considered as constant.

Unequal void fractions at the inlet of the blocked and unblocked channels

The pressure gradients, which were substantially different before the interconnection, assume
equal values almost at the beginning of the interconnection (figures 6a—11a). The behavior of the
pressure in the interconnected region upstream and downstream of the blockage is very similar to
that observed for equal void fractions at the inlet of the channels.

Pressure Difference Between the Channels

Equal void fractions at the inlet of blocked and unblocked channels

For symmetrical flow conditions at the inlet of the blocked and unblocked channels, no pressure
difference is observed between the channels upstream and immediately downstream of the
beginning of the interconnected region (figures 3a—5a). The effect of the blockage is felt first as a
gradual and then as a rapid increase in the pressure difference between the channels, which drives
some of the flow from the blocked to the unblocked channel. For the 30% plate blockage, the effect
of the obstruction on the pressure differences is felt approx. 100 mm (8 hydraulic diameters)
upstream of the blockage (figure 3b), while for the 60% smooth and 90% plate blockages this effect
is felt approx. 170 mm (14 hydraulic diameters) upstream of the blockage (figures 4b and 5b).

Downstream of the obstruction, because of the acceleration of the flow up to the vena contracta
and the dissipation of mechanical energy in the wake zone, the pressure in the blocked channel
drops faster than that in the unblocked channel and causes a fast pressure tilt in favor of the
unblocked channel. With this tilt, the pressure is now higher in the unblocked channel and drives
the previously diverted flow back to the blocked channel. The recovery in the blocked channel of
the reversible portion of the pressure drop on one hand, and the kinetic energy of the lateral inflow
on the other hand, rapidly reduces the pressure difference between the channels. However, the
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Figure 6a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 6b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

complete equalization of the pressures in the channels requires a distance of approx. 360 mm (30
hydraulic diameters) under the present experimental conditions. Therefore, in contrast to single-
phase flow (Tapucu et al. 1984b), the pressure equalization between the two channels is not a rapid

process.

Unequal void fractions at the inlet of the blocked and unblocked channels

The substantial pressure difference observed upstream of the interconnected region is. the
consequence of the different inlet flow conditions to the channels (figures 6b—11b). This difference
decreases rapidly as the flow approaches the beginning of the interconnected region. The pressure
equalization is achieved mainly by the transfer of liquid from the high pressure channel to the low
pressure channel, until the effect of the blockage is felt on the flow.
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Figure 7a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 7b. Pressure differences between the biocked (BCH) and unblocked (UBCH) channels.

The behavior of the pressure differences in the upstream region close to the blockage is similar
to that of identical flow conditions at the inlet of the channels, i.e. a rapid increase in the pressure
in the blocked channel which drives some of the flow to the unblocked channel, The effect of the
blockage on the pressure differences is again felt approx. 100 mm in the upstream region for 30%
plate blockage and 170 mm for 60% smooth and 90% plate blockages. For plate blockages, the
pressure difference increases until the last measurement point upstream from the blockage.
However, the 60% smooth blockage showed a decrease (figure 10b) or a tendency for decrease
(figures 4b and 7b) at this measurement point which is in the blocked region. This decrease is very

likely due to the acceleration of the flow to the vena contracta which may form just upstream of
the mid-plane of the blockage.
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Figure 8a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 8b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

In the downstream region, the pressure equalization between the channels occurs between 300
and 500 mm (25 and 40 hydraulic diameters) depending on the blockage shape and severity, and

the inlet fiow conditions to the channels.

5. IRREVERSIBLE PRESSURE LOSSES CAUSED BY BLOCKAGES IN
INTERCONNECTED CHANNELS

Using an approach similar to that given in Tapucu et al. (1988a), the irreversible pressure losses

caused by the blockage can be written as

Apb = Apform + Apfﬁcﬁon + Apgravity‘

(2
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Figure 9a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 9b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

Aprom is mainly due to the dissipation of the mechanical energy as heat in the recirculation zone
which forms behind the blockage. As pointed out in Tapucu et al. (1988a), this term also contains
the acceleration pressure drop due to the expansion of the gas with the sudden decrease of pressure
in the blocked region. Since the importance of the recirculation zone depends on the severity and
shape of the blockage, it is probable that these two parameters play an important role in the form

pressure drop.

The form pressure drop will be modeled by introducing an irreversible pressure loss

coefficient K:

G2
APform,TP = "Kz_p;’ ' [3]
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Figure 10a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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where G is the mass flux and p’ is the momentum density. In turn, the two-phase multiplier is
defined by

Apim K
Py = ALlom TP _ TP LL 4]
ApPiomse  Ksp p

where Apgm sp is the form pressure loss when all the mixture flows as liquid in the channels.
APeorm, sp 18 determined using the data given in Tapucu et al. (1984a).

For plate blockages in a single channel the irreversible pressure loss, Ap,, is customarily
determined by extrapolating the linear pressure variation upstream and downstream of the
blockage to the mid-plane of the blockage (Lafay & Picut 1974; Sparrow et al. 1979; Tapucu et
al. 1984a, 1989). For smooth blockages, Tapucu et al. (1984a, 1989) determined the irreversible
pressure loss by extrapolating the linear pressure variations to the lower and upper planes which
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Figure 11a. Pressures in the blocked (BCH) and unblocked (UBCH) channels.
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Figure 11b. Pressure differences between the blocked (BCH) and unblocked (UBCH) channels.

limit the blockage. However, under two-channel flow conditions, due to the transverse inflows and
outflows, the variation of the axial pressures upstream and downstream of the blockage is not
linear, which renders the application of the above procedure difficult. To circumvent this difficulty,
the pressure difference in the blocked channel between the minimum pressure upstream of the
blockage and the maximum pressure in the downstream region (points A and B in figures 4a and
5a) is considered and the form pressure drop is then obtained by subtracting the friction and gravity
pressure loss components from this difference:

Apform = (pB —pA) + Apfriction + Apgravity . [5]

The overall blockage fraction is determined by using the combined flow section of the channels
including the interconnection. Since the flow areas of the channels are equal and that corresponding
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to the interconnection is small, the blockage fraction by this definition is, for all practical purposes,
one-half of that based on the flow area of one channel.

Plate Blockage

For plate blockages, the friction and gravity losses appearing in [5] are deduced from the linear
pressure variation far downstream of the blockage, where mass exchanges between the channels
are small and equilibrium conditions have almost been reached. The slope of this variation,
(dp/dz){p, determined by linear regression on the experimental points, contains the three
components of the pressure drop: friction, acceleration and gravity. The acceleration term is usually
small compared to the other components. The irreversible form pressure loss of the blockage is
then given by

Apiem s = (=)~ (1) 4. g
Z J1p
where Az is the distance between the minimum pressure upstream and the maximum pressure
downstream of the blockage (points A and B in figures 4a and 5a).
The irreversible form pressure loss coefficient and the form two-phase multiplier have been
calculated using [3] and [4]. The momentum density, p’, appearing in [3] is determined by using
the flow dryness fraction at the inlet of the test section:

_ W+ Wa,

) 7
W+ W, 7

where W is the mass flow rate.

The void fraction corresponding to the above dryness fraction is determined by using the flow
dryness fraction-void fraction relationship obtained experimentally under single-channel flow
conditions (Tapucu et al. 1988a). In turn, the absolute pressure at the mid-plane of the blockage
is used to determine the density of the gas.

Table 3 gives the irreversible form pressure loss coefficients and two-phase multipliers obtained
under two-channel flow conditions. The variation of the pressure loss coefficient with blockage
fraction is illustrated in figure 12. This figure also includes the irreversible form pressure drop
coefficients obtained under single-channel flow conditions for a 60% void fraction (Tapucu et al.
1989) and the experimental data obtained by Stiefel (1971), Rowe et al. (1973), Fairhurst (1983)
and Tapucu et al. (1984a). It is observed that the irreversible form pressure loss coefficient for plate
blockages is quite independent of the void fraction determined with the above procedure and its
value is higher than that of an equivalent blockage in a single channel. These higher values can
be attributed to the irreversible pressure losses occurring in the interconnection gap due to the
substantial diversion cross-flow induced by the blockage. These losses originate from the friction
in the gap region and from the contraction of the transverse flow followed by an expansion.

From table 3 it is observed that the irreversible form pressure loss coefficient depends on the
void distribution between the channels and smaller values of this coefficient result when a high void
is introduced in the unblocked channel.

Table 3. Irreversible form pressure loss coefficient for two interconnected channels (plate blockages)

Blockage Dryness  Void Absolute
Run fraction fraction fraction p’ pressure  (Apage Api+ AP, AP 1 AProm,se
No. (%) x é (kg/m’)  (kPa) (Pa) (Pa) (Pa) (Pa)  Kimte Phom

31.9 0.00523 0.61 391.2 151.16 —5809.1 —1871.6 —3937.5 —6500 0.78 6.06
31.9 0.00240 0.48 517.6 137.59 —4169.3 —2057.9 —21114 —6500 0.54 3.25
31.9 0.00248 0.48 513.2 137.64 —3252.0 —14049 —1847.1 —6500 048 2.84

61.0 0.00564 0.61 385.2 15594 —11533.5 —3038.0 —84955 -—2125.0 1.64 4.00
61.0 0.00252 0.49 511.6 142.00 —8566.7 —2109.1 —6457.6 —21250 1.67 3.04
61.0 0.00232 0.48 521.3 138.08 —82254 —2081.5 —61439 —21250 1.63 2.89

90.0 0.00579 0.62 383.5 160.73 —24348.7 —3838.5 —20510.2 -5805.0  4.05 3.53
90.0 0.00260 0.49 507.3 14429 —19192.8 —2800.6 —163922 —58050 4.15 2.82
90.0 0.00268 0.50 503.5 143.31 —184209 —2804.6 —15616.4 —5805.0 3.94 2.69

*Tapucu er al. (1984a).
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Smooth Blockage

For smooth biockages, the friction and gravity pressure losses between the minimum pressure
point upstream of the blockage, and the maximum pressure point downstream of the blockage
{points A and B in figure 5a), are given by

d v rd d
Apfriction + Apgravity = <£> AZ] + j ¢2L <_d—p2> dz + ﬁgL + (d—lz)> AZz, [8]
TP -2 fo TP

where Az, and Az, are the distances from the minimum and the maximum pressures to the blockage
boundaries. The irreversible form pressure drop is then given by

Apform, ™= (pB - pA) + Apfriction + Apgravity . [9]

Because of the varying flow section in the blocked area, the integral appearing in [8] is solved
numerically by dividing the smooth blockage into 10 equal intervals. The friction factor, f, is
estimated using (Tapucu et al. 1988a)

0.221
Rco,zav :

Table 4 gives the irreversible form pressure loss coefficients, K, and the form two-phase
multipliers, ®%,,, obtained using [9], [3] and [4]. The two-channel K-coefficients are shown in figure
13 along with those obtained under single-channel flow conditions for 60 and 20% void fractions
given by Tapucu ez al. (1988a). As in the case of the plate blockage, the smooth blockage in two
interconnected channels produces higher K-coefficients than an equivalent blockage in a single
channel. This figure also suggests that the pressure loss coefficient increases with increasing void
fraction.

f=0.0032 + [10]

6. SUMMARY OF THE OBSERVATIONS

Axial Pressures Upstream of the Blockage

(1) In the interconnected region, the pressures in the blocked and unblocked channels are equal
and decrease linearly up to the point of onset of diversion cross-flow, caused by the blockage.

(2) After this point, for plate blockages the pressure increases in the blocked channel, whereas
for smooth blockages it first increases slightly and then decreases.

(3) For all blockages the pressure in the unblocked channel decreases quite rapidly, due to the
acceleration of the flow caused by the lateral inflow.

Axial Pressures Downstream of the Blockage

(4) The pressure in the blocked channel assumes its lowest value just behind the blockage.

(5) The pressure recovery is not complete. The rest dissipates as heat energy, mainly in the
recirculation zone; this partial recovery is accomplished over a distance of approx. 60 mm (5
hydraulic diameters).

Table 4. Irreversible form pressure loss coefficient for two-interconnected channels (smooth blockages)

Blockage Dryness  Void Absolute
Run fraction fraction fraction p’ pressure  (Apaphe AP+ AP, AP te APfom, s
No. (%) x 3 (kg/m’)  (kPa) (Pa) (Pa) (Pa) (Pa)  Kpmtr Pom

10 58.0 0.00535 0.61 389.2 15501 —10636.6 —4251.3 —6385.3 —150.0 1.25 42.57
11 58.0 0.00256 0.49 509.6 140.27 —8590.5 —3873.6 —47169 ~-150.0 1.22 3145
12 58.0 0.00245 0.48 514.8 139.32 —5876.0 -24404 34356 ~—150.0 089 2290

13 58.0 0.00055 0.26 736.7 129.55 —4668.0 —2304.7 —23633 —150.0 088 15.76

14 88.1 0.00550 0.61 387.1 159.05 —20626.3 —4880.0 —157464  NA° 3.05 —
15 88.1 0.00252 0.49 5115 142.65 —15639.0 —3555.1 —12083.8 NA 3.10 —
16 88.1 0.00246 0.49 514.7 141.31 —14330.3 —-2798.6 —11531.6 NA 3.01 —

17 88.1 0.00058 0.27 728.2 131.97 —8408.9 —2550.6 —5858.3 NA 2.15 —
18 88.1 0.00029 0.16 835.7 130.22 —7525.8 —24323 —5093.5 NA 2.14 —

*Tapucu er al. (1984a).
NA = not available.
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The pressure drops slowly in the unblocked channel due to the deceleration of the flow and,
finally, becomes equal to that in the blocked channel.
The irreversible pressure loss in the interconnected channels depends on the blockage severity
and shape, and the void distribution between the channels.

Pressure Differences Between the Channels Upstream of the Blockage

The effect of the blockage on the flow is manifested first as a gradual and then as a rapid
increase in pressure difference between the channels.
The effect of the blockage on the pressure differences is felt between 100 and 170 mm (8 and
14 hydraulic diameters) upstream of the blockage.

Pressure Differences Between the Channels Downstream of the Blockage

In this region, the high pressure prevailing in the unblocked channel drives part of the
previously diverted flow back to the blocked channel.
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(11) The recovery in the blocked channel of the reversible portion of the static pressure on the
one hand, and the kinetic energy of the lateral inflow on the other hand, rapidly reduces the
pressure difference between the channels.

(12) The complete equalization of the pressures between the channels requires distances ranging
from 80 to 360 mm (7 and 30 hydraulic diameters).
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