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Separation Zone in Flow past a Spur Dyke
on Rigid Bed Meandering Channel
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Abstract: Flow past a spur dyke on a rigid bed meandering channel with a trapezoidal cross section has been studied experimentally. An
acoustic Doppler velocimeter (ADV) was used to measure the velocities. The results show that length of the downstream separation zone
changes according to the location of the spur dyke. It varies from 4.0 to 22.8 times the spur dyke length. In addition, the separation zone at
higher elevations is wider compared to that near the bed for most of the locations of the spur dyke. The effect of contraction ratio and inflow
Froude number on separation zone is also presented. DOI: 10.1061/(ASCE)HY.1943-7900.0000586. © 2012 American Society of Civil
Engineers.
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Introduction

Spur dykes are used to protect the river banks from erosion and
to deepen the main channel for creating a navigational channel.
Characteristic parameters of a spur dike are dike length (b), height,
width, shape, inclination to the downstream bank (α), and per-
meability. Separation zones are observed both on the upstream and
downstream sides of a spur dike (Ettema and Muste 2004). As
shown in Fig. 1, the downstream separation zone may be charac-
terized by the downstream length (L1), the maximum width
(Wmax), and the distance of maximum width from the spur dike
(L2). Corresponding nondimensional parameters (L�

1, L�
2, and

W�
max) may be obtained by using b as a scaling parameter. Contrac-

tion ratio (CR), is the ratio of spur dike length to channel width.
The flow field and flow separation zone due to a spur dike in a

straight rectangular channel with rigid bed have been studied ex-
perimentally by various researchers (Rajaratnam and Nwachukawa
1983; Ettema and Muste 2004) and numerically (Tingsanchali and
Maheswaran 1990; Molls and Chaudhry 1995; Ouillon and Dartus
1997) (see Table 1). In some recent numerical studies (Nagata et al.
2005; Koken and Constantinescu 2008; Koken 2011), the main em-
phasis was to analyze the flow field near a spur dike on a mobile
bed. A few studies for flow past spur dike(s) in a meandering chan-
nel are also reported. Giri et al. (2004) measured the velocity field
near spur dykes in a meandering laboratory flume. Details of the
separation zone were not discussed in the previous study. The effect
of location of the spur dike on L�

1 in a sine-generated channel with a
trapezoidal cross section was presented by Sharma and Mohapatra
(2009). They used the numerical model CCHE2D for flow field

simulation and found that the maximum and minimum values of
L�
1 were 16.6 and 3.1, respectively.
To the authors’ knowledge, a detailed description of the sepa-

ration zone for flow past a spur dike in a meandering channel is
missing. Thus, the main objective of the present study is to present
the mean velocity field and separation zone due to flow past a
perpendicular spur dike in a rigid bed meandering channel.

Experimental Procedure

The experiment has been carried out in the Hydraulics Laboratory
of the Indian Institute of Technology, Kanpur. The channel center
line follows a sine-generated curve represented by θ ¼ θ0
cos ð2πs=LÞ with θ0 ¼ 50°, the length of the sine-generated chan-
nel along the channel center line, L ¼ 6.2 m, and the wave length,
λ ¼ 4.65 m (Fig. 2). A quarter portion of the curve is extended
both on the upstream and on the downstream sides. The lengths
of the straight reaches upstream and downstream sides are 2.5
and 1.5 m, respectively. The trapezoidal channel section is made
up of cement mortar and has a bottom width of 0.52 m, side slope
of 1∶1, and height of 0.25 m. The channel bed is horizontal. Water
from a constant head reservoir is supplied to the channel. A honey-
comb is used at the upstream of the channel to ensure calm entrance
of water. A tail gate is used at the downstream end of the channel to
control the flow depth. The spur dike used in the present study is a
wooden block with a height of 0.25 m and thickness of 0.03 m.
Water surface measurements are performed by a point gauge with
an accuracy of �0.001 m. The three-dimensional velocity field is
measured with the help of a downward-looking acoustic Doppler
velocimeter (ADV) (Nortek 2011) attached to a traverse.

Any space in the channel is defined by a curvilinear coordinate
system, i.e., s = along the center line of the flume; n = along lateral
direction; and z = along vertical direction, with origin located on
the bed at O (Fig. 2). The corresponding nondimensional coordi-
nates are defined as s� ¼ s=L; n� ¼ n=B; and z� ¼ z=Hrep where
B = channel half width at half of the representative flow depth and
Hrep = representative flow depth defined by the water surface mea-
sured at s ¼ −2.55 m and n ¼ 0.0 m. The resultant velocity is de-
fined as Ū ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ū2 þ v̄2
p

. The recorded velocity in the vertical
direction, w, is not used in this study. The discharge is estimated
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by the velocity areamethod. Thevelocitymeasured at s ¼ −2.55 m,
n ¼ 0.0, and z ¼ 0.06 m is the representative velocity, Ūrep,
and is used to normalize the velocity. All velocity measurements
are recorded for 120 s with a frequency of 25 Hz. It was veri-
fied by using different time windows that time averaging pro-
duces similar results when the time window is 60 s or higher.
However, in the present study, 120 s is used for time averaging.
The cross-section being trapezoidal, b is defined as the length at
z� ¼ 0.50. Themeasurements are performedat twoelevations, i.e., at
z� ¼ 0.167 (0.02 m from bed) and z� ¼ 0.50 (0.06 m from bed) and
in a grid with Δs� ¼ 0.0208 and Δn� ¼ 0.156. In this study, all
output data fromADVwere postprocessed by using a public domain
software WinADV-version 2.027 (Wahl 2003). Data points having
correlation scores less than 70% were rejected. The time averaged
velocities, ū and v̄, obtained from the instantaneous velocities,
u and v, are used in the analysis.

Results

The present study takes into account 24 different cases to evaluate
the effects of spur dike location, spur dike length, and inflow
Froude number on the velocity field and flow separation zones
(Table 2).

Mean Velocity

The mean velocity field at z� ¼ 0.50 for different locations of the
spur dike is presented in Fig. 3. It also indicates the upstream and
the downstream flow separation zones. The observed maximum
value of Ū� is 2.26 (Case 2) against the value of 1.50 for the case
without the spur dike. Maximum velocity in the separation zone is
Ū� ¼ −0.56 (Case 2).

Variation of ū� along the width at three different locations
(s� ¼ 0.375, 0.540, and 0.750) and two different elevations are pre-
sented in Fig. 4. Near the spur dike, ū� at lower elevation is higher
compared to that at higher elevation [Fig. 4(a)]. Dey and Barbhuiya
(2005); Duan (2009); and Koken and Constantinescu (2008) also
reported such a flow pattern in the vertical direction for a spur dike

Fig. 2. Experimental setup

Fig. 3. Effect of spur dyke location on velocity field at z� ¼ 0.5

Fig. 1. Flow around spur dyke

Table 1. Parameters of Flow Separation Zone (Spur Dyke in Straight
Channel)

Reference Method L�
1 L�

2 W�
max

Rajaratnam and
Nwachukawa 1983

Experimental 12

Ettema and Muste 2004 Experimental 13–14
Tingsanchali and
Maheswaran 1990

Numerical 10–12 5.0 1.8

Ouillon and Dartus 1997 Numerical 10–12
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in a straight channel. At s� ¼ 0.541, ū� at both elevations is similar
[Fig. 4(b)]. Further downstream at s� ¼ 0.750, ū� at higher eleva-
tion is higher compared to that at lower elevation [Fig. 4(c)].

Flow Separation Zone

The variation of the longitudinal velocity, ū�, along the width is
used to find the boundary of the downstream separation zone. It
may be defined such that total discharge in the separation zone
is zero. End of the separation zone is marked where a nonnegative
value of ū is observed. The variableW�

max is measured as the maxi-
mum width of separation zone, and L�

2 is the distance of this section
from the spur dike. Results for L�

1, L
�
2, and W�

max for all cases con-
sidered are presented in Table 2. Due to its insignificant size, the
upstream flow separation zone is not presented here. The length and
width of the separation zone due to various locations of the spur
dike depend on the spur dike location (Fig. 5). The variables L�

1

and W�
max are observed in the range of 4.0–22.8 and 1.0–2.1, re-

spectively. It may be recalled that corresponding values in the case
of a spur dike in a straight channel were 12.0–14.0 and 1.8, respec-
tively (Table 1). The separation zones at the middle layer for three
different spur dike lengths at four different locations are presented
in Table 2 (Cases 8–16). Variation of L�

1 and W�
max with CR de-

pends on the location of the spur dike. When the spur dike is
located on a right bank at s� ¼ 0.25, L�

1 decreases by increasing
CR. This may be explained by the flow pattern in the channel

without a spur dike. In the downstream of the apex, flow shifts
toward the outer bank. For the second apex the outer bank is
with the spur dike and thus L�

1 is limited up to the second
apex. For each location, W�

max is maximum for CR ¼ 0.25. For
all three spur dike lengths, L2 is almost constant. The separation
zone for three different values of F (Hrep remaining constant),
i.e., F ¼ 0.14, 0.23, and 0.28, and four locations at z� ¼ 0.5 are
presented in Table 2. It is observed that the upstream separation
zone is not affected by inflow F. However, the length and width
of the downstream separation zone are both marginally affected
by F.

Conclusions

An experimental study was conducted in a rigid bed meandering
channel to find the flow field due to various locations of the spur
dike. The main conclusions of the present study are:
1. The velocity amplification is maximum when the spur dike is

located on the inner bank of the apex section.
2. The separation zone parameters, length, maximum width, and

location of maximum width, depend on the location of the spur
dike as given in Table 2.

3. The maximum and the minimum nondimensional downstream
flow separation length is 22.8 and 4.0, respectively. Similarly,
maximum and minimum nondimensional width of the down-
stream separation zone is 2.1 and 1.1.

4. Contraction ratio affects the separation zone when the spur
dike is located on the inner bank of the apex.

Fig. 5. Effect of spur dyke location on flow separation
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5. Inflow Froude number has a small effect on separation
zone.

Notation

The following symbols are used in this paper:
B = half width of the channel;
b = spur dyke length;
F = inflow Froude number;

Hrep = representative flow depth measured at s ¼ −2.55 m
and n ¼ 0.0;

h = flow depth;
L = meander length measured along s;
L1 = length of downstream separation zone;
L2 = distance between section of maximum width of

separation zone and spur dyke;
R = radius of curvature or center line radius;

s, n, z = space coordinates along longitudinal, transverse, and
vertical directions, respectively;

U = resultant velocity in a horizontal plane;
Urep = representative flow velocity measured at s ¼ −2.55 m,

n ¼ 0.0, and z ¼ 0.06 m;
Ūrep = time averaged representative flow velocity;

u, v, w = instantaneous velocity in longitudinal, transverse, and
vertical directions, respectively;

ū, v̄, w̄ = time averaged velocity in longitudinal, transverse, and
vertical directions, respectively;

Wmax = maximum width of separation zone from bank;
Ws = width of separation zone;
α = inclination to the downstream bank;
λ = meander wave length; and

θ, θ0 = deflection angles at s and at s ¼ 0, respectively.

Superscript

� = corresponding nondimensional value.
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