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Abstract— Dam-break flow over dry channel with an abrupt contracting part in certain downstream section was investigated. 
A new experiment was conducted in a smooth-prismatic channel with rectangular cross-section and horizontal bed. The 
dam-break flow was measured by using digital imaging technique and thus flood wave propagation was sensitively 
determined. Synchronous filmed images of the dam-break flow were non-intrusively acquired with three cameras, through 
glass sidewalls of the channel. Free surface profiles were derived directly from the recorded video images without disturbing 
the flow. The present study focuses on the formation and propagation of the negative bore due to abruptly contracting channel. 
The measured results were compared with the numerical solution of Reynolds Averaged Navier Stokes (RANS) equations with 
k-ε turbulence model and good agreement was achieved. 
 
Index Terms— Abrupt contraction, dam-break, negative bore, unsteady flow. 
 
I. INTRODUCTION 
 
Dam-break can cause catastrophic floods in a short 
time at downstream, and thus loss of lives and 
significant damages are inevitable. It is possible to 
minimize the catastrophic effects of the flood waves 
with forecasting the hazards. Dam-break flood waves 
usually propagate along the downstream channel with 
irregular topography which can be emerged from 
natural contraction-expansion and meandering of river 
channel and presence of natural (trees, dikes, debris) 
or artificial (bridges, buildings) obstacles. Dam-break 
flow becomes more challenging when it propagates 
over complex topography, which plays an important 
role on the flow regime. Therefore, strong hydraulic 
jumps and negative surges can be occurred. At this 
state, time evolution of water depths, positive and 
negative wave front celerities are the important 
parameters in assessing the flood risk.  
In recent years, studies concerning dam-break flow 
have been mainly directed at numerical and 
experimental studies because of difficulties in getting 
field data. There are limited field works concerning 
dam-break flows [1, 2]. Hence, laboratory 
experiments were conducted to investigate dam-break 
flow and propagation of flooding over flume, which 
consists of irregular parts [3-5]. Some previous 
researchers captured the initial stages of the 
dam-break flow using CCD cameras for measurement 
[6,7]. Recently, with the great development in the 
imaging technology, digital image processing has 
been widely used in laboratory experiment of 
dam-break flows [8-13]. With idealized laboratory 
experiments, significant contribution is provided to 
better understand the physics of the phenomenon.  
Due to the difficulties in an experimental study, many 
numerical studies have been developed concerning 
dam-break flows over complex downstream flume 
[14,15]. Some previous works compared the 
numerical solution of dam-break flow over bottom 
obstacle with experimental data [11, 16, 17, 18]. The  

 
similar problem was analyzed by comparing two 
mathematical models [19].  
The present work focuses on the investigation of 
dam-break flood wave over a channel having abruptly 
varying cross-section. Hence, a new experimental test 
was conducted in a prismatic rectangular channel with 
initially horizontal dry bed. To generate a 
cross-section with abrupt contraction within the 
downstream channel, two symmetrical 
trapezoidal-shaped obstacles were installed onto both 
sidewalls of the channel. This test case highlights the 
formation and propagation of negative bore towards 
upstream direction due to presence of abruptly 
contracting section in the channel. The flow was 
non-intrusively measured using digital image 
processing, which provided new laboratory data 
without flow disturbances. Therefore, continuous free 
surface profiles were obtained at different times over 
downstream channel by using panoramic images of 
three cameras. The experimental results were also 
compared with the 3-D RANS based CFD simulation 
with k-ε turbulence model. 
 
II. EXPERIMENTAL FACILITY AND 
MEASURING TECHNIQUE 
 
The experiment was carried out in an 8.90 m long, 
0.30 m wide, and 0.34 m high rectangular horizontal 
channel with glass walls and bottom [20]. A brief 
description of the test facility is given Figure 1(a) and 
(b). A vertical plate (dam) was located at a distance 
4.65 m from the upstream entrance dividing the 
channel into two parts; upstream and downstream. The 
upstream part, which was initially filled with 0.25 m of 
water at rest, represented the reservoir, while the 
downstream part (4.25 m) was being initially dry. The 
water body in reservoir was colored with dye in order 
to better identify the free surface levels and behavior 
of dam-break flow from the video images. Two 
symmetrical trapezoidal-shaped sidewall obstacles 
made of thick Plexiglas were installed at a certain 
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distance on both sidewalls to build up local contraction 
in the channel. Figure1 (b) illustrates dimensions and 
installation positions of the symmetrical obstacles. 
Base length of each one was 95 cm and maximum 
projecting width was 10 cm, they were placed at 
distances between 1.52 m and 2.47 m from the plate. 
Thus, the flow was forced to pass through 35 cm long 
throat where the original 30 cm channel width was 
reduced to 10 cm due to contraction. The downstream 
end of the channel was kept open to let to flow fall 
freely hence no reflection occurred.  
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Figure 1. Test facility (a) Section view, (b) Plan view, lengths in 

cm 
 
A vertical plate mechanism was designed in a way 
allowing an instantaneous removal to represent 
dam-break. Schematic view of the mechanism can be 
seen in detail in Ozmen-Cagatay and Kocaman [13]. 
The 4 mm thick plate could be lifted instantaneously, 
by releasing a weight from 1.50 m above the floor. In 
this test, the plate removal time was estimated between 
0.06 and 0.08 s from the video records. It should be 
shorter than 1.25(h0/g)1/2 to be considered as ‘sudden 
removal’ where h0 is initial water depth in the 
reservoir and g is the acceleration of gravity [21]. 
According to this criterion, in the present test, upper 
limit of removal time was calculated as 0.2 s.  
An advanced measuring technique, namely digital 
image processing, was adopted in satisfactorily 
determining the continuous free surface profiles and 
time evolution of water levels. The components of the 
digital imaging system are three CCD cameras, a 
computer, and a frame grabber card. As soon as the 
recorded flow images were transferred simultaneously 
to the computer with the aid of the frame grabber card, 
synchronous images of the three adjacent cameras 
were combined. Therefore, a panoramic flow view 
was obtained without changing the locations of the 
cameras. In other words, current measuring technique 
enables to obtain synchronous recording of the flow 
along the entire downstream channel without test 
repetitions of the digital imaging procedure for each 
position of the camera. Unlike other measuring 
techniques used in some earlier laboratory works, the 
present technique is capable of providing continuous 
free surface profiles through the entire downstream 
channel without tests repetition [6, 9, 21].  
The filmed raw images were digitized as 384288 
pixels at 50 frames/s. Then, distorted images arising 
from wide-angle lens usage were corrected through a 
planer checkerboard including 42 uniform white and 
black colored square grids (100 mm100 mm). The 

spatial calibration parameters were estimated one by 
one for each camera by matching the predetermined 
coordinates of the corners on video images, which 
were filmed from different point of view of the board. 
Twenty-five selected images of the board were used to 
calibrate each camera. The software “Camera 
Calibration Toolbox for Matlab” was used to correct 
the distortions [22]. A raw image of the channel 
including barrel distortion and a calibrated plane 
image can be seen in Ozmen-Cagatay and Kocaman 
[23]. After the calibration process, images from 
adjacent cameras were automatically combined by 
using predetermined stitching coordinates to obtain 
panoramic view, which provides a complete 
visualization of the downstream channel. 
 
III. NUMERICAL SIMULATION 
 
A. RANS Solution with k-ε Turbulence Model 
The problem was simulated numerically in order to 
compare with the experimental results. The governing 
continuity (1) and 3D Reynolds Averaged Navier 
Stokes (RANS) (2) equations for dam-break flow are 

 
where subscript i represents the direction for all 
parameters, ui is the velocity component, Ai is the 
fractional area open to flow, p is the 
Reynolds-averaged pressure, VF  is volume fraction of 
fluid in each cell, ρ is the fluid density, x is the spatial 
geometrical scale, t is the time, gi is the gravitational 
force, fi is the diffusion transport term. If VF and Aj 
(cell face areas) = 1, the equations are reduced to the 
basic incompressible RANS equations. The equations 
of motion are closed with the standard k-ε turbulence 
closure scheme [24]. 
The “Volume of Fluid” (VOF) method is used in 
computations of the free surface by Flow-3D [25] in 
which both the water and the air are modeled in a grid. 
In this method, each cell has a fraction of water (F), 
which is 1 when the element is completely filled with 
water and 0 when the element is completely filled with 
air. If the value is between 0 and 1, the element 
contains free water surface. Therefore, a 
supplementary transport equation is added given as 
follows 

 
where u, v and w are fluid velocity components in the 
x, y and z directions, respectively.  
The software Flow-3D contains a CFD 
(Computational Fluid Dynamics) package based on 
the Finite Volume Method in a Cartesian, staggered 
grid. It determines the location of the flow obstacles by 
implementing a cell porosity technique called the 
fractional area/volume obstacle representation of 
FAVOR method [25].  
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B. Solution Domain, Boundary, and Initial 
Conditions 
Owing to using two symmetrical lateral sidewall 
contractions, an axis through centre was considered as 
a symmetry axis; thus, only longitudinal half of the 
channel section was modeled. Therefore, a solution 
domain of 8.90 m long, 0.15 wide and 0.30 m high was 
defined. Trapezoidal-shaped lateral sidewall obstacle 
with 0.10 m width and 0.95 m long was defined and 
placed 1.52 m downstream from the dam axis. All the 
surfaces of the channel and obstacle were assumed as 
smooth. A volume of fluid with 4.65 m long and 
0.25 m high was defined as a reservoir for initial 
conditions. 
Since there was no flow entering into the reservoir, 
which had a finite length, the upstream boundary was 
specified as “wall.” The downstream boundary was set 
as “outflow” since the downstream end of the channel 
was kept open. The middle point of the channel width 
was assumed as longitudinal symmetry axis owing to 
the modeling one-half of the channel. The top 
boundary was labeled as “symmetry” to take into 
consideration the atmospheric pressure on the free 
surface. Since the VOF is used in determination of the 
free surface, “zero shear stress” and “constant 
atmospheric pressure” were specified as boundary 
conditions at the free water surface [26]. The bottom 
boundary and channel sidewall were set as wall. Due 
to choosing the no-slip condition, tangential and 
normal velocities were zero at the solid boundary. 
Usage the k-   turbulence closure model supplied 
logarithmic velocity distributions (wall function) in 
the boundary layer.  
The computational domain was subdivided into a 
mesh of fixed rectangular cells using Cartesian 
coordinates. Uniform mesh size (x=y=z= 5 mm) 
was used in three directions for the whole 
computational domain. The mesh systems consist of 
totally 3.2 million cells. 
 
IV. RESULTS AND DISCUSSION 
 
The flow was filmed through the glass walls of the 
entire channel with three CCD cameras 
simultaneously by means of a frame grabber card. 
After lifting the plate, the water rapidly flows on the 
dry channel. Once it reaches the contraction (Fig. 2(a), 
t= 0.9 s), a part of wave is reflected which induces 
formation a moving negative bore in the upstream 
direction, while the other parts move in downstream 
direction. Figure 2(a) displays the formation of 
negative bore from 0.9 s to 2.4 s with 0.3 s time 
increment. The white dashed line on the left hand side 
represents the dam axis. Outer black-dashed lines 
mark borders of the local contraction and the middle 
two black-dashed lines represent the borders of 65 cm 
long narrowest throat. With instantaneous removal of 
the plate, the flow arrives to contraction section; at 
first the flow cross-section is constricted at the 
entrance of local contraction and afterwards traveling 

wave front jams and runs up the sidewalls (t= 0.9 s). 
Water level sharply increases up to the entrance of 
narrowest throat at t= 1.2-1.8 s (Fig. 2(a)), and intense 
turbulence mixing is observed on the free surface due 
to substantial air entrainment into the flow. As for t= 
2.1 s, the crest of negative bore starts to move in the 
upstream direction with rising depth. Once the crest of 
bore leaves contraction region (t= 2.4 s), a moving 
negative wave is formed anymore towards upstream. 
Figure 2(b) shows the propagation of the reflected 
negative wave (bore) between t= 2.7 s and t= 5 s. 
While the moving flood waves towards downstream, 
encounter the negative wave, a significant hydraulic 
jump forms at the entrance of contraction. Rapid rising 
in water levels just upstream of contraction section and 
formation of negative bore can be explained by 
relationship between instantaneous specific energy 
and minimum energy of the flood wave. The specific 
energy of flood wave is smaller than the necessary 
minimum energy for passing through the contraction 
region. 
 

 
Figure 2. (a) Formation of negative bore (b) Propagation of 

negative bore 
 
Figure 3 compares the computed and measured 

initial free surface profiles at various times. The initial 
water depth h0 was used in obtaining non-dimensional 
form of the horizontal distance (X = x/h0) and flow 
depth (h/h0). Accordingly, time t was multiplied by 
(g/h0)1/2 to get dimensionless time T = t (g/h0)1/2 where 
g is the acceleration of gravity. The borders of the 
contraction region are X= 6.08 and X= 9.88 marked 
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with outer dashed lines on the graphs. The middle two 
inner dashed lines represent the borders of the throat 
(the narrowest region). For T= 13.15, once the plate is 
removed instantaneously, the flood wave travels in the 
downstream direction and as soon as it reaches the 
contraction, upstream water level rises rapidly and a 
negative wave is formed. There is very good 
agreement between measured and computed profiles 
at X< 5. However, little discrepancy is observed 
between experimental and numerical free surface 
profiles between X= 4 and X= 6 on elapsed time of 
negative wave completely formed at T= 15.03-16.91. 
This situation can be explained by formation of strong 
hydraulic jump on the negative wave front, which 
causes random oscillations. Furthermore, the 
discrepancy could be arisen from difficulties in 
tracking of the free surface due to foaming during 
experiments.  

 

 
Figure 3. Comparison between numerical and experimental free 

surface profiles over time 

After formation of negative wave is fully completed 
(T≥ 21.92), free surface becomes more stable and 
measured profiles agree well with those of computed. 
However, little discrepancy is observed between 
experimental and numerical free surface profiles at X= 
4-X= 6 on elapsed time between T= 15.03-16.91 
during the formations of the negative wave. Numerical 
solution slightly underestimates the maximum water 
levels for T≥ 21.92.  
It can be said that, RANS-based numerical model with 
VOF can reproduce the propagation of negative wave 
induced by strong reflection of dam-break flow 
against abrupt changing topography, in reasonable 
accuracy.  
 
CONCLUSIONS 
 
Dam-break flood wave propagation in a channel with 
abrupt contracting part was investigated. The results 
show that abrupt sidewall contraction in the channel 
cross-section causes a part of reflection of the flood 
wave against contraction and forming a negative bore, 
which propagates in the upstream direction, while the 
other part travels towards downstream. For flow 
measurement, digital imaging technique provides 
satisfactory laboratory data without necessity of using 
any physical device within the channel. The flow 
through the glassy walls of the channel was recorded 
and then, continuous free surface profiles were 
obtained synchronously thereby non-intrusive 
character of the digital imaging process. The 
laboratory data was also compared with 3-D 
RANS-based numerical simulation. VOF-based 
commercially available CFD program, Flow-3D, 
solves simultaneously the continuity and Reynolds 
Averaged Navier Stokes equations with the k-ε 
turbulence closure model. There is very good 
agreement between measured and computed results.  
Owing to the difficulty in obtaining field data for 
dam-break flow over abruptly varying topography, the 
current laboratorial data can be useful to verify 
numerical models.  
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