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Investigation of Flow Dynamics Around a Combination of Different Head Shapes of Spur
Dikes
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Abstract: Spur dikes are widely used as river training structures throughout the globe to improve navigation, strengthen flood protection, and save erodible banks. This
study investigates the flow behaviour of multiple spurs using similar and different head shapes instead of adding an extra structure. The novelty of the study lies in finding
out the best combination of head shapes among circular (C), rectangular (R), and triangular (T) that can reduce the responsible factors of scouring and erosion. The
responsible factors for scour and erosion include high magnitude velocity, pressure, turbulence kinetic energy (TKE), Reynold stresses, and wall shear stresses. Nine
combinations (3 same, i.e., CCC, RRR, and TTT and six different, i.e., CRC, CTC, RCR, RTR, TCT, TRT) of spurs were investigated using Computational Fluid Dynamics
(CFD) code FLUENT. Firstly, in the analysis of similar head shapes, more reduction in the values of scour and erosion responsible factors were observed in CCC combination
(20% in velocity, 45% in pressure, 41% in TKE, and 43% in normal Reynold stresses). Finally, the reduction was further improved in analysing different head shapes. The
CTC combination showed the most effective results in reducing the prescribed factors (43% in velocity, 57% in pressure, 51% in TKE, and 54% in normal Reynold stresses)
compared to both combinations of head shapes. Therefore, to protect riverbank and spur head failure due to severe turbulent flow, the combination of spurs (CTC) could be

preferred.
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1 INTRODUCTION

For human protection, different hydraulic structures
(river training works) are provided within a river to protect
and manage river flow. The spur is among the most
important and common river training hydraulic structures.
There are various objectives, including energy dissipation
[1, 2], for navigational [3, 4] backwards-facing step [5] and
riverbank protection by diverting the flow from the
riverbank towards the main flow [6]. However, their
provision of either a single spur or a series depends on the
situation. However, spurs are mostly provided in a series
[7]. Therefore, before installing, it is very important to
know the best combination of the spur in terms of size,
shape, and orientation angle [8].

Studying the flow mechanism around different spurs is
a very comprehensive and challenging topic in hydraulic
engineering. From the past literature review, it can be
observed that maximum study was related to the flow
mechanism near the spur; however, a few found the best
combination of the spur [9]. The permeable and
impermeable spur with slope produced minimum turbulent
kinetic energy (7KE) and shear stress. For riverbank
protection, Mukherjee and Sarma [8] proposed the best
combination of the spur. The numerical investigation was
made separately by changing the size, position, and number
of each spur combination. A numerical study was
performed by Alauddin and Tsujimoto [7] to attain the
main objectives, including enhancing scour in the main
channel; to reduce the silt deposition within the spur dike
field, and reducing maximum scour depth near the spur
head.

Several experiments were performed and it was found
that scour holes around the spur with side slopes can be
reduced up to 60% compared with vertical-sided spurs. A
3D numerical model was developed by Tritthart et al.[10]
to get the best combination of the spur for the River
Danube in Austria. Four different combinations of spurs (A
1200 m long, two 500 m long, three 200 m. long, and two
300 m long repelling spurs, perpendicular to the river bank)

were made based on size, location, and number [3]. Based
on overall performance (scouring, deposition, and
stability), they found the best-fitted combination for the
River Brahmaputra. Koutroul et al. [6] numerically
investigated the optimal spacing between impermeable
spurs to increase the bed shear stress within the main
channel and reduce it near the spur dike field. It was found
that spacing between the initial four emerged spurs should
be less while it should be larger for the subsequent. Igbal
et al. [1] investigated the permeable spurs by varying
permeability to enhance the carrying capacity of the river.
A series of emerged and permeable spurs were investigated
to minimize the scour-responsible factors, i.e., velocity and
turbulence.

Flow 3-D software was used to investigate the flow
dynamics around the series of spurs on a fixed bed [11]. It
was found that the maximum magnitude of velocity and
turbulence was found at the nose of the first spur.
Moreover, vortices generated in the streamwise and
spanwise directions were larger near the channel bed
compared to the free water surface. The flow
characteristics around permeable dike with different
staggered pore angles [12] and making a combination of
circular cylinders with impermeable dike [13] were
investigated using FLUENT (ANSYS). Moreover,
FLUENT (ANSYS) was previously also used to
investigate flow structure for vegetation [14-15]. El-
Rashedy et al. [16] experimentally investigated the scour
mechanism around different head shapes (straight,
Hockey, Mole, L shape, and T shape) of the spur. The
combination of different shapes (I, T, L) of the spur was
studied experimentally by Nayyer et al. [17]. They
measured scour depth against different arrangements of
spurs and found that T shape generated 0.3y (where y is
flow depth) times less than other shapes when placed at a
first location. Therefore, the best combination was L, T, T
regarding minimum scouring. In another study, Nayyer et
al.[18] studied scouring phenomena around the first spur
due to the presence of the downstream spur. In this study,
nine different arrangements were investigated by fixing the
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position of the first spur. It was concluded that the best and
optimal combination was the [, T, L series.

In Pakistan, different head shapes of spur have also
been constructed at different locations for riverbank
protection, including C shape, R shape and T shape, as
shown in Fig. la to Fig. 1c. The head shapes may be
rectangular [19-22], circular [23, 24], and tri-angular [9,
25-28]. The motivation for this study is to improve our
understanding of flows around dikes combined with
different head shapes. This study aims to get the most
appropriate combination that minimizes the scour
responsible factors (velocity, Pressure, TKE and Reynold
stresses) without adding any extra hydraulic structure.
Computational Fluid Dynamics (CFD) code FLUENT was
used to simulate the flow by adopting a turbulence model
known as Reynold's stress model (RSM).

! il T
Figure 1 Different head shapes (C: Circular, R: Rectangular and T: Triangular)
of spur which are present in (a) RMB of Head Baloki (b) At River Channab near
Gujrat and (c) Baarthi Koh e SulamnTaunsa Sharif

The paper continues as follows: Section 2 is the
research methodology that recalls the seven governing
equations of the Reynold Stress model (RSM) used for
present study, with the focus of experimental model
validation and numerical simulation. Section 3 presents
the results and discussion that includes distribution of
depth averaged streamwise velocity, pressure, turbulent
kinetic energy (TKE), Reynold normal stresses and wall
shear stresses. Section 4 shows a detailed discussion of
whole results achieved during this study. Section 5 finally
concludes the paper.

2 METHODOLOGY
2.1 Governing Equations

For numerical modelling of steady and incompressible
flow in an open channel, the continuity and Reynolds
averaged Navier-Stokes equations were utilized. These
equations can be written like this:

oU.
—Zi_0 1
o (M)
- oU,; =
U~ () =2 [6U’+ 1]— 2 fuw) @
ox, pOX, | X, ox, | pox,

The velocity components in the X; direction is denoted
by U.. The velocity component in the X; direction is Uj, the

kinematic viscosity is v, the water density and the pressure

’ ’

are p and P respectively, and ui u ; are the Reynold

stresses. Eq. (3) depicts the Reynolds stresses transport in
its most general form [29]. It comprises several terms that
describe the partial differential equation used to transfer
independent Reynolds stresses.

aRij
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OR..
where 6_U shows the change of Reynolds stresses with
t

time, C; and Dj; are the transport of convection and stresses
due to diffusion, P; is the rate of production, while ¢;
represents dissipation rate of stresses, /7; and £ are the
transport of stresses because of pressure-strain, and
rotation respectively.

The term convective is as follows:
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The Production term is:
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The term diffusion is just as follows:
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where v, = Cykz/s; where C, = 0.09; where ox= 1. The

dissipation rate is similarly modelled on:
2
& = ggé;j @)

The Kronecker delta, which is given by d; =1 if i =
and J; = 0 if i # j. The Kronecker delta provides the rates

of dissipation of TKE. The pressure phrase is provided by:
& 2 2
Hij =_C1;(Rij _gkdjj_cz [Py _gpé;jj (®

C;=1.8 and C, = 1.8. In addition, the TKFE i.e., "k" can
be modelled accordingly:

1~ —&5 =
k:z(ui%uj%u,f) ©)
Finally, the period of rotation is specified:

'Qij =2, (ijeikm + R,-mejkm ) (10)
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where w; and e;; are the rotation and altering vectors; e
may be +1 or —1 when i, j and k are different in cyclic and
anti-cyclic order respectively; and e;r = 0 if two integers
are identical.

2.2 Experimental Domain with Rectangular Spurs

Experimental data of Brevis et al. [19] was used for the
validation purpose in which domain was comprised of a
series of the impermeable rectangular spurs. All the
experiments were performed in 17 m long (L¢) and 1.3 m
wide (B) flume having a slope of 1/1000 at the Institute of
Hydromechanics, Germany. The laminated plastic was
used to make the channel bed fixed and smooth, as shown
in Fig. 2a. The distance between two spurs (W) was kept
24 cm and 48 cm for two aspect ratios (A = w/L) 1 and 2
respectively. All the measurements were taken in the
24 cm length x 45 cm width working domain using Particle
Image Velocimeter (PIV) between two spurs marked with
red colour as shown in Fig. 2a. Measuring locations L1, L2,
and L3 were considered within the spur dike field with an
equal distance of 6 cm from upstream to downstream in a
spanwise direction. All the hydraulic conditions, including
spur dimensions for the experimental domain, are given in
Tab. 1.

Channel Length (L )=17m

Side wall with free-
slip condition

Periodic Condition

slip condition
b)
Figure 2 (a) Isometric view of the experimental setup [19] (b) Validation setup
top view of the channel in which L1, L2, and L3 are the locations of
measurements with aspect ratio A = W/L =1

Table 1 Experimental conditions of Brevis et al. [19]

Spur type Rectangular and Impermeable
Spur height, A cm 7
Spur width, » cm 4
Spur length, M cm 24
Discharge, O /s 9.75
Depth of water, z cm 7
Average velocity, U m/s 0.145
Froude number, Fr 0.13
Reynolds number for water depth, Re 7500

2.3 Numerical Model Setup with Boundary Conditions

For validation purposes, the numerical domain was
reduced to 56 cm in length and 96 cm in width by providing
periodic boundary conditions at the flow inlet and outlet.

All the other parameters, including channel width and spur
dimensions, were kept unchanged.

Spurs were modelled as rigid rectangular bricks, as
shown in Fig. 2b. ANSYS workbench was utilized for the
meshing of the numerical model. The unstructured mesh
(tri-pave) with tetrahedral elements was used, having
108 x 524 x 124 nodes in the streamwise, transverse and
vertical directions generating almost 7 million grid points.
To confirm the accuracy of the CFD simulations, the mesh
independence test was also performed. Three
computational grids a coarse mesh with 3.1 million grids,
a medium mesh with 7 million grids, and a fine mesh with
11.2 million grids were initially utilized to ensure mesh
independence. The major velocities differed between the
coarse and medium meshes by around 4.5 percent, whereas
the findings between the medium and fine meshes varied
by about 0.9 percent, which was not statistically
significant. As a consequence, a mesh with 7 million grids
and a 0.3 cm minimum interval size was selected... The
periodic boundary condition was assigned to ensure
uniform flow behaviour at both locations, i.e., inlet and
outlet of the domain. The discharge and flow depth in the
channel were 9.75 L/s and 0.07 m, respectively. The
symmetry boundary condition for the free surface was
assigned; however, the bed, sidewalls, and spurs were
assigned using the no-slip condition and standard wall
function as used by previous researchers [1, 30, 31].

For simulation and post-processing, CFD code
FLUENT was used. A Reynolds stress model (RSM) was
used for turbulence closure. A SIMPLE (Semi-Implicit
Method for Pressure Linked Equations) algorithm was
used to achieve Pressure-velocity coupling. The criteria for
the solution were supposed to be convergent when
residuals were set at 1 x107°,

2.4 Model Validation

The experimental results of Brevis et al. [19] and
numerical results of depth-averaged spanwise (v) velocity
were compared at specified locations (L1, L2, and L3) and
are shown in Fig. 3. The measuring locations are at 6 cm,
12 cm, and 18 cm from the upstream (u/s) to downstream
(d/s) spur. At the x-axis, spanwise velocity was normalized
with initial velocity U = Q/BZ, in which Q represents
discharge and BZ represents the area. The Y-axis (total
channel width) was made dimensionless by dividing it by
spur length. The dashed line separates mainstream
(Y/L =1 - 1.6) from spur dike field (¥Y/L =0 - 1). Mass and
momentum exchange behaviour divide the whole channel
into two zones, i.e. mainstream and spur dike field [32, 33].
All the velocities were captured at half of the channel depth
(z=3.5 cm). The two results (experimental and numerical)
are in good agreement, as shown in Fig. 3. From the
validation, the computational domain can recreate actual
results in a rectangular open channel of this sort and,
therefore, can be utilized for simulation.

In Fig. 3, both experimental and numerical spanwise
velocity showed zero values in the mainstream, i.e.,
Y/L =1 - 1.6 at all three locations (L1, L2, and L3). In the
spur dike field (Y/L = 0 - 1), velocity values showed an
inflation trend at L1 due to the high magnitude of mass and
momentum exchange behaviour.
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Figure 3 (a) Comparison of experimental [19] and numerical results for
spanwise velocity v/U at three different locations (L1, L2, and L3). The dashed
line represents the edge of the spurs. (b) Trend line with R2 values to quantify

the error

At L2, velocity showed zero magnitude due to the
recirculation eye formed in the mid of the spur dike field.
The negative values of spanwise velocity at L3 were due to
recirculation, which moves from downstream to upstream.
These results were verified by Igbal et al.[1]. Hence the
present validated computational domain can be utilized for
numerical simulation.

2.5 Numerical Simulation

For the present numerical model, 84 cm long and 96
cm wide domain contains three impermeable spurs with the

same and different head shapes (Fig. 4). All the other
hydraulic and geometric conditions (given in Tab. 2) were
kept the same as used for the validation purpose (Sec 2.3).
The combination of three impermeable spurs with the same
(three cases) and different (six cases) head shapes was used
for numerical simulation. The schematic diagram to
represent measuring locations M1, M2 and M3 is shown in
Fig. 4. The specified measuring location was selected at
just u/s of each spur because high scour depth responsible
factors (velocity, pressures, 7KE, Reynold stresses)
generated maximum magnitude at this location [17]. A tri-
pave unstructured mesh was selected with an interval size
0f 0.2 cm for this study. It generated 128 x 608 x 154 nodes
in streamwise, spanwise, and depth wise directions,
respectively, with 12 million grid points. All the cases
(C-1 to C-9 can be seen in Tab. 2) represent non-
submerged spur cases.

¢ Condition

Periodic Conditi

Side wall with no slip condition
67

Figure 4 The schematic view of the computational domain used for
numerical simulation with three measuring locations M1, M2 and M3. All units
areincm

Table 2 Flow conditions used for numerical simulations, where C-1 to C-9 represents case 1 to case 9

Cases C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9
Types of Spurs CCC | RRR | TTT CRC CTC RCR RTR TCT TRT
Measuring location M1, M2, M3
submergence Non-submergence
Discharge, O/ L/s 9.75
Flow depth, z/cm 7
Initial Velocity, U/ m/s 0.145
Froude number, Fr 0.13
Reynolds number, Re 10000

3 RESULTS
3.1 Depth-Averaged Streamwise Velocity Distribution

Fig. 5 represents the normalized depth-averaged
streamwise velocity distribution (x/U) in the spanwise
direction. The computing locations (M1, M2, and M3) can
be important while observing the flow behaviour at just u/s
of spurs. The spanwise dimension (Y) of the computational
domain was normalized with the length of the spur, while
mean-streamwise velocity (1) was normalized with initial
velocity (U).

The velocity profile (u/U) starts from the right bank of
the channel towards the left bank, almost equal to zero up
to Y/L = 0.8 for all the specified locations. Because the flow
velocity within the spur dike field is almost equal to zero,
it has sufficient values near the head of the spur (Y/L = 1).
It began to increase towards the main flow (¥/L = 0.8- 1.8).
The increasing trend of velocity (#/U) from the right bank

to the left bank remained the same. However, it showed
fluctuations at the locations of the spur head, i.e., Y/L = 1.
Fig. 5a shows the higher value of mean streamwise
velocity for R shape in both zones, i.c., within the spur dike
field and the main channel. The highest values in C-2 were
due to the corner (edge) of the rectangular shape that faces
the high flow. Yarahmdi et al [9] found that the R shape
spur has a maximum depth of scour hole at u/s, while for
the T shape, it is vice versa. So, it means that the T shape
is better compared with R in the case of the depth of
scourhole. The C-shaped spur is also studied in the present
study, and the results are compared with T and R shapes.
The circular head shapes gave minimum velocity near the
head (Y/L = 1) to generate a minimum scour hole. Due to
the circular shape of the spur, flow smoothly moves
downward without generating a high-velocity impact on
the head. In comparison, high flow velocity increases the
scouring around the spur [34]. The highest value of depth-
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averaged velocity was for C-7 measured at M1, M2 and
M3. At Y/L = 1, the maximum reduction of depth-averaged
velocity was 20% for C-1, while for C-5, it was 43% at M2.

3.2 Pressure Distribution

The pressure distribution for C-1to C-3 and C-4 to
C-9 is shown in Fig. 6a and Fig. 6b, respectively, at M1,
M2, and M3. As flow approaches to spur, the velocity head
is converted to a pressure head which causes bed scouring
due to a horseshoe vortex [17]. Fig. 6a showed that C-2 has
the highest pressure value near the nose of the spur
compared to C-1 and C-3. The maximum pressure at the
u/s of each spur in the RRR combination was generated due
to the maximum flow obstruction that generates the main
horseshoe vortex and bed shear stress [24]. The higher
magnitude of pressure will result in higher thrust on the

head, which ultimately causes failure of the spur partly or
fully [32]. From C-4 to C-9 (Fig. 6b), it was observed that
circular shapes combined with triangular give better results
compared to rectangular head shapes. In RCR and RTR,
maximum pressure was at the u/s of the 1st and 2nd spur.
When a C-shaped spur was combined with a T-shaped
(CTC), a low flow field was generated due to C and T head
shapes.

In other words, the higher the flow field, the greater
the bed shear stress and pressure. These two factors will
directly generate the scouring at the u/s of each spur.
Koken and Gogus [24] observed high bed shear stress and
horseshoe vertex in terms of the larger length of a spur.
Thus, the circular shape generates a minimum magnitude
of pressure on the u/s side, which remained the same even
after the d/s.
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Figure 6 Deviations of depth-averaged pressure at critical locations M1 (Fig. 6i), M2 (Fig. 6ii) and M3 (Fig. 6iii) for similar (Fig. 6a) and different (Fig. 6b) head shapes of
the spur

3.3 Turbulent Kinetic Energy

Fig. 7 represents the depth average TKE in the
spanwise direction at M1, M2, and M3. To make it non-

dimensional, TKE was divided with U?. At the location of
the spur head, TKE showed higher values for the C-2.
However, TKE gave the same inflation trend for all
combinations (C1-C9). At M2, the TKE reduced up to 41%
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for C-1 compared to the highest value of C-2. Similarly, in
the combination of different head shapes, the reduction was
further increased when compared at M1 up to 51% for
C-5. The circular head shapes generate less turbulence as
compared to triangular and rectangular head shapes. The
larger turbulence in the case of rectangular is due to the u/s
corner that directly bears the flow. At the same time, it is
reduced in the case of C-3 because the corner further
shifted towards the d/s side [25].

After combining the C shape with R and T, it gives
better, C-5 gives the best result at M1, M2 and M3 because
two C shapes were combined with T and R shapes.
Moreover, C-8 and C-9 also gave better results compared
to C-6 and C-7 because in C-8 and C-9 two T shapes
combined with the C and R head shapes of spurs,
respectively.

0.008 2 — 0.008 2 —== 0.008 2 — C-l
. . . ¢ .
0.006 - M ATTTI 0.006 A h ‘TTTI 0.006 * ‘TTTl
a X
(a)  0-004 ok ok 50004 - :": . o 0.004 “aa
< % g % Fye ! 3 N
= ;;; **. ; = J’;*x ** ¥ = 0"‘:§ ** -
0.002 A Soesued 0.002 234 *o . 0.002 23 048X 8
- esnik saak aggarttd i Mectazszin
0 ' + 0 i ' 0 :
0 05 1 15 2 0 0.5 1 15 2 15 2
YL YL
0.008 —ET—TT 0.008 Yo TR 0.008 SCRC xCIC
 |*RCR -RTR *RCR -RTR *RCR -RTR|
0.006 - i [eTCT aTRT 0.006 - eTCT ATRT 0.006 eTCT 4TRT
N .x‘l; g i N
- A £
(b) §o.oo4 1 8”:‘; 0004 ot X §0.004 5
g Fes < 5 A & -
) & '&" Totm &5 ~ x‘.! g& & O‘x
0.002 Mﬂﬂ' Stsnanpsent 0.002 T 0.002 o =
0 " . 0 + ' od "
0 0.5 1 15 2 0 05 1 15 2 15 2
] Y/L (i) YL (i)

Figure 7 Distribution of depth-averaged TKE at M1 (Fig. 7i), M2 (Fig. 7ii) and M3 (Fig. 7iii) for similar (Fig. 7a) and different (Fig. 7b) head shapes of spur.

3.4 Turbulent Kinetic Energy Contours

The contours of TKE were taken in the presence of
three emerged impermeable spurs, as shown in Fig. 8. In
Fig. 8b series of R shape, spur showed higher turbulence at
just u/s of the spur. However, in the case of C (Fig. 8a) and
T shape (Fig. 8c), the higher turbulence was not limited to
just u/s but shifted towards the d/s direction. So higher
turbulence is responsible for higher scour depth in
moveable bed cases side after the location of the head of
the spur. So, in this study, the circular head shape gives
minimum values in the combination of the same and
different head shapes. The depth-averaged pressure was
reduced up to 45% for C-land it was 57% for C-5
measured at M3 when compared to C-2 [17]. In different
head shapes, C shape plays a vital role in turbulence

reduction without adding any extra structure like protective
spur [17, 36], pile groups [37, 38], hollow cylinders in
impermeable spur to make it permeable [1] and collar
around the spur [36, 39].

When R and T spurs are combined with C shaped, it
further reduces high turbulence, as shown in Fig. 8d &
Fig. 8e. The reduction of 7KE was more in C-4 and C-5
compared to C-1. Even in the combination C and T
provided in between R shape, it resulted in a higher
magnitude of 7KE. The C-8 and C-9 gave better results
compared to C-6 and C-7 due to the presence of two T
shape spurs with R and C. As two R shapes could not
reduce the magnitude of TKE that is why higher turbulence
can be observed in both combinations (C-6 and C-7).
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Figure 8 Conour plot of TKE distribution for cases C1-C3 (Fig. 8a to Fig. 8c) and for cases C4-C9 (Fig. 8d to Fig. 8i)
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3.5 Reynold Normal Stress Distribution

The spanwise distribution of normal Reynolds stresses
at specified measuring locations for all cases (C-1 to C-9)
is shown in Fig. 9. The normal stresses were made
dimensionless concerning U?, while the width of the
channel (Y) was normalized with spur length. In Fig. 9, u'u’,
represent the normal Reynolds stress fluctuations in a
streamwise direction. The point of inflation, i.e., Y/L = 1,
was the same for all cases (C-1 to C-9). Both C-2 and C-7
showed larger fluctuations, whereas these stresses were
less for C1 and C-5 at M1, M2, and M3.

The normal Reynolds stresses (¢’ u’) remained uniform
from the start of the right bank, i.e., (Y/L = 0) up to
Y/L =0.5 and from Y/L = 1.5 to 1.8. For all cases, the peak

values of Reynolds normal stresses occurred at the head of
the spur (Y/L = 1) as maximum mass and momentum
exchange behaviour occurred around the head shape of the
spur. Then, the Reynold stresses values increased from
Y/L = 0.5 to Y/L = 1.5. The resulted profile shapes for
normal Reynold stresses were the same under the
combinations of the same and different head shapes of the
spur, but with variation in magnitude, specifically, peak
values at the location of spur head i.e., Y/L = 1 were
observed. In the case of C-1 to C3, reductions in u' u’, were
up to 43%, for C-1 at M3, respectively. While in the case
of C-4 to C-9, reduction in u' u' was up to 54% for C-5 at
M2.
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Figure 9 Distribution of simulated streamwise normal Reynold stresses "u' u
3.6 Wall Shear Stress Distribution

Fig. 10 represents the wall shear stress percentage
reduction for the combination of the same and different
head shapes of the spur to achieve the minimum wall shear
stresses. The optimum combination is the one without
adding extra structure that achieves maximum bed and
minimum wall shear stress [6]. The wall shear stress was
measured at the right bank of the channel along the flow
direction. In the spur dike field, i.e., Y/L =0 - 1, C-1 gave
lower values of wall shear than C-2 and C-3. The C-2
generates high flow velocity due to larger flow resistance
at the head, which is ultimately responsible for higher
values. The low flow in the spur dike field is maintained by
placing different arrangements. The maximum reduction of
wall shear stress was 40% in both spur dike fields for C-1.
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Figure 10 Wall shear stress percentage reduction for C-1 to C-9 measured
along the right bank of the channel in spur dike field 1 and spur dike field 2

at specified positions M1 (a) M2 (b) and M3 (c) for cases C1-C3 (i) and C4-C9 (ii)

Because the C-shaped spur generates a slow flow field
due to its head shape, according to Yarahmadi et al. [9], an
R shaped-spur generates a high flow field compared to a T
shape. In the case of the combination of different head
shapes, the reduction was 63% and 62% for the C-5 in spur
dike field 1 and spur dike field 2, respectively. So optimum
combination of the same and different head shapes of the
spur was C-1 and C-5, respectively.

4 DISCUSSION

The comparison result of different flow parameters
measured at z= 3.5 cm is shown in Fig. 11. Different scour
regions can be identified by investigating the position of
the stresses and pressure [24]. The flow approaches to the
spur have maximum pressure and 7KFE values, and the spur
head was the focus of high-intensity flow. So maximum
values of velocity, pressure, 7KE, and Reynolds stresses
were found at the tip of each spur. The reduction of these
factors can be observed in Fig. 11, which was calculated by
comparing the highest values of C-2.

However, the maximum reduction was observed due
to a circular shape, triangular and rectangular spur. The
maximum reduction in similar head shapes was CCC
(17%, 18% and 20%), while in different shapes, CTC
(38%, 43% and 39%) gave better results (Fig. 11a). In
CRC, the mean velocity reduction at M2 was less compared
to M1 because at M2 R-shaped spur generated high flow
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velocity, while this flow measured at M3 the reduction
increased due to gentle movement of flow around C shaped
spur [25]. In RTR, the larger reduction at M2 was less
compared to M1 and M3 because two R-shaped spurs
generate a high flow field that diverts the whole flow
towards the middle of the channel.

The pressure reduction (Fig. 11b) was minimum in the
RCR and RTR in different combinations, while it was the
same in TTT at M1, M2 and M3. It is due to two R-shaped
spurs with a larger area of flow contact than T and C shaped
spurs. Hence, flow exerted a high impact on the R shaped,
which generated the strongest vortices around the R shaped
spur, and ultimately higher magnitude of pressure can be
observed. The pressure reduction for CRC and CTC was

31%, 53%, 22% and 36%, 57%, and 43% at M1, M2 and
M3, respectively. The same flow behaviour was observed
in turbulence (7KE and Reynold stresses) as shown in
Fig. 11c to Fig. 11f. The TKE and Reynold normal stresses
showed an inflation trend at M2 for CRC and CTC because,
at M2, turbulence due to the C-shaped spur (at M1)
generated minimum values. Due to the narrowing flow
cross-section near the T [25] and C shaped spur, low
turbulence values were observed. Similarly, lower values
at M2 for RCR, RTR and TCT were observed due to the
presence of C and T shaped spur dike upstream of these
spurs, which are responsible for reducing 7KE and
Reynold stresses.
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Figure 11 The comparison results of reduction of (a) depth-averaged dimensionless streamwise velocity, (b) pressure (c) TKE, dimensionless (d) streamwise, (€)
spanwise, and (f) depthwise, normal Reynold stresses in % at M1, M2 and M3

5 CONCLUSIONS

This study investigated three-dimensional flow around
the combination of similar (CCC, RRR and TTT) and
different (CRC, CTC, RCR, RTR, TCT, TRT) head shapes
of the spur CFD code ANSYS FLUENT. The core
objective of the present work was to minimize the
responsible factors of scour and erosion. The reduction of
the results for all the responsible factors of scour and
erosion was observed for both (similar and different) head
shapes. The main concluding remarks of the current study
are as follows:

(1) The spur head is the key point where the mass and
momentum exchange occurs. Depth averaged streamwise
velocity showed the lowest magnitude in CTC combination
measured at the head of all three emerged impermeable
spurs. This is due to the presence of C shapes spur, which
minimizes the high-velocity magnitude without making
any changes in the spur.

(2) C shaped spur has less area of greater magnitude of
high shear stress and turbulence compared to T and R-
shaped spurs. In the same head shape combination, the
reduction of velocity, pressure, TKE and normal Reynolds
stresses were up to 20%, 45%, 41%, and 43%, respectively.
Placing C shaped spurs (CRC and CTC) in different shapes
at first and third locations has a greater impact on flow
structure. Due to this position of C shaped spur, 43% of
streamwise velocity, 57% of pressure, 51% of TKE and

54% of normal Reynold stress, even placing it at the second
position, gave better results.
(3) The high magnitude of pressure at the u/s of the C-
shaped spur located at the first and third position showed
lower values compared to T-shaped and R-shaped
combinations. This combination phenomenon may help
reduce scour area, resulting in minimum erosion volume.
(4) Wall shear stresses showed that due to horizontal
vortex formation around R and T shape spurs, higher wall
shear stress was generated. In similar head shapes (CCC),
the reduction was 40% in each spur dike field, while 63%
and 62% in the first and second spur dike field,
respectively, in CTC combination of different head shapes.
These results are crucial for creating a practical scour
mitigation plan for scour-prone locations. In the future a
detailed study can be conducted to investigate the flow
pattern inside the spur dike. Moreover, the reattachment
length pattern formed at the downstream of dikes due to
different head shapes of dikes can be conducted
experimentally as well as numerically.
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