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Abstract - This paper express the results of an  experimental study on a prismatic tilting flume using an impermeable groyne 
and analysing its flow characteristics(velocity and flow depth). A symmetrical prismatic channel of cross section 0.3 x 0.6 m 
was used. Physical model of an impermeable groyne with top width 0.02m, bottom width 0.26m, crest length is of 0.05m 
and bottom length is of 0.075m, was used to study the flow characteristics. Here 0.015m length is extended in the bottom of 
the groyne to depict a launching apron. The flow pattern in the longitudinal and cross sections at upstream (u/s) and 
downstream (d/s) have been studied and finally the flow characteristics have been analysed in a non-dimensional manner. 
 
Index Terms - Impermeable Groyne, Flow Characteristics, Froude’s number, Water Surface Profile. 
 
I. INTRODUCTION 
 
Groynes or spurs are the river training structures 
commonly adapted as an anti-erosion measure to 
protect the bank of an alluvial river against erosion 
and maintain water level by deflecting/repelling the 
flow direction. Spurs are usually constructed across 
the river nearly perpendicular to the bank-line. They 
can be used for flood control, land reclamation, and 
provision of navigable depth. The prime objective of 
a groyne is to train the river along a desired course to 
reduce the concentration of flow at the point of attack 
and to minimize the magnitude of thrust developed at 
the bank due to high current. The secondary object of 
a groyne is to create a slack flow and thereby silting 
up the area in the vicinity of the river bank and 
simultaneously the diverted flow helps to wash out 
the sand-shore usually developed either at the mid-
section or at the bank opposite to the groyne.The 
construction of an impermeable groyne generally 
consist of rocks (boulders),gravel and impermeable 
soil as a core material. Permeable groynesare usually 
made of bamboo, timber, rows of pile and concrete 
(RCC or pre-stressed in the form of porcupine 
members).The experimental study of Francis, et al.[1] 
on the recirculation zone at downstream groynes can 
be said to be the first study on the recirculation zone 
around groynes, but velocity measurement was not 
performed.Tingsanchali and Maheswaran,1990 
[2]carried out numerical value interpretation on the 
recirculation zone at the down- stream groyne and 
presented the main characteristics of the local flow 
field around groynes but dealt only with non-
penetrated groynes.Ahmed H. Safi et al.,2010 [3] 
concluded that the velocity in the main channel upper 
region decreases, while, in the middle and lower 
regions of the main channel, it increases and in cases 
of a single groyne when Lr = 0.5, 0.75, and 1.0, (Lr = 
Lg/b, where Lg is the groyne length and b is the 
floodplain width) the negative velocities reached –
20%, –30%, and –55% of the original velocity,  

 
respectively.Kang and Yeo, 2011 [4]analysed the 
maximum velocity change, maximum thalweg line 
change in the main flow area, and velocity in the 
change area of the maximum thalweg line as well as 
the recirculation zone size and flow around the 
embankment at the downstream area of groynes to 
analyse the impacts on ㄱ-type groynes.Yeo and 
Jung, 2012 [5] observed the flow characteristics 
around a single groyne (both board type and side 
sloping type) and concluded that the length of 
recirculation zone, for impermeable groyne is 12 
times of groyne length and  the maximum back 
current is occurred between 0.4 and 0.7 times of 
length of recirculation zone. 
In this present paperan experimental study have been 
made on flow characteristics around a single 
impermeable groyne considering its side slope, in a 
rigid rectangularchannel and the variation of flow 
parameters are expressed in a non-dimensional form. 
These variables include flow velocityV and the water 
surface profile across and along the flow direction at 
u/s and d/s, water depthy, groyne type (permeable or 
impermeable), shape, angle of inclination θ and width 
of the channel B. 
 
II. EXPERIMENTAL APPARATUS AND CASE 
STUDY 
 
The experiments were conducted in a tilting flume in 
hydraulic engineering laboratory at Jorhat 
Engineering College in Assam, India. The 
flumeshown in Fig 2is 0.6 m in depth, 0.3 m in width 
and effective length between the centres of the 
foundation block is 5m. Theflow velocityV (m/sec) 
and the water depth y (m) were measured in the 
longitudinal and cross sections of the channel. In the 
present study an impermeable groyne have been 
placed at a distance of 1.4 m from the starting point 
of the effective length of the flume.As shown in the 
Fig 1thegroyne with top width 0.02m, bottom width 
0.26m, and crest length is of 0.05 and bottom length 
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is of 0.075m was used. The velocity of flow was 
measured along the cross section with a relative width 
b/B=0.017, 0.333, 0.667 and 0.983 (where b= width 
interval at which velocity is measured and B = the 
total width of the channel) and at a non-dimensional 
B/Xu and B/Xdform the centre of the groyne (where 
Xu and Xdare the horizontal distance at the upstream 
and downstream from the centre of the groyne along 
the channel).Similarly, the variation of water surface 
profiles at u/s and d/s were observed in various cross 
section for unit dischargeq = 0.1172 m3/sec (high 
flow) and 0.0556 m3/sec (low flow). Curves between 
B/Xuand B/Xd vs. Froude’s number have been 
studied. The location of formation of eddies and back 
flow have also been observed. Effect of groyne at the 
d/s is studies and the velocity is measured. The 
velocity was measured by a pitot tube at a depth 
which is 0.707 times of the totalwater depth. 
 

 
Fig 1: Perspective view of impermeable groyne 

 
Fig 2: Plan view of the channel and flow variation around a 

single groyne 
 
III. OBSERVATIONS AND DISCUSSION 
 
The length of recirculation zone SLas shown in Fig 
2was observed at B/Xd=2.5 from the end of the 
groyne. In the eddy zone the velocity was noted to be 
negative and then changes to positive at the sections 
away from the groyne. Water surface profile at width 
ratio b/B =0.017, 0.333, 0.667, 0.983 along different 
relative distance B/Xu and B/Xd at both upstream and 
downstream sections are observed. The upstream 
water surface profile in the cross-section Fig 5 
reflects that the depth variations away from the spur 
are minimal except a slight increase in depth near the 
channel walls. As the B/Xu increases i.e. the section is 
nearer to the spur the variations are notable. The 
water depth increase immensely at b/B=0.017 as it 
approaches the spur. The obstructed flow diverts 
itself with a high velocity around the spur. The flow 
depth at b/B = 0.333 i.e. the foot of the spur is very 
low and gradually increases near the channel wall.Fig 
6 shows the downstream water surface profile. In the 
immediate downstream section B/Xd=1.5 at 
b/B=0.017 the flow depth is minimum and it 
gradually increases throughout the cross section. 
 

 
Fig 3: Longitudinal water surface profile
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The depth increases abruptly at B/Xd=0.86 in width 
ratio b/B=0.017 and decreases in a similar order in 
b/B=0.33 and flow depth is constant afterwards. 
The depth decreases at width ratio b/B=0.66 in the 
section B/Xd=0.4. Flow variations are not observed 
at B/Xd=0.3, hence the effect of the groyne in this 
section is negligible. 
The longitudinal water surface profile throughout 
the channel also have been observed in this study 
for both high flow (H.F.) and low flow (L.F.) as 
shown in Fig 3. The maximum and minimum flow 
depth is observed at b/B=0.017 immediately at the 
u/s and d/s of the groyne, then the trend again 
increases abruptly at 0.3m d/s. The flow depth at 
section b/B=0.33 increases at immediate u/s and 
significantly decreases as it diverts around at the 
foot of the groyne and gradually increases further 
downstream. The depth profile for b/B=0.66 and 
0.98 is almost identical as the flow increase in the 
immediate u/s and with a minimal decrement the 
depth is constant along the downstream. 
Fig 4 shows B/Xu and B/Xd vs. Froude’s number 
curve for different width ratios b/B at high flow. At 
u/s it is observed that for the B/Xu values ranging 
from 3 to 4 the flow changes from sub-critical to 
super-critical flow. At d/s for all b/B ratios the flow 
changes from sub-critical to super-critical for the 
values of B/Xd rangingfrom 0.25 to 1.5. Hence the 
flow is almost super-critical for the d/s portion. 
 

 
4(a) 

 

 
4(b) 

Fig 4: Relationship between B/Xu(4a) and B/Xd(4b) vs. 
Froude’s Number 
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Fig 6: D/S Cross-sectional water surface profile at different 

values of B/Xd. 
 

CONCLUSION 
 
Considering a single side sloping impermeable 
groyne on a rigid-straight-channel a few 
conclusions can be drawn: 

1) The length of recirculation zone/eddy 
zone SL is at relative distanceB/Xd=2.5 

2) Flow structure, velocity, and water depth 
mainly depend on the groyne type, relative 
length of the groyne, 

3) The velocity in the main channel upper 
region decreases, while, in the middle and 
lower regions of the main channel, it 
increases. 

4) The water depth variations are maximum 
near the channel wall where the groyne is 
placed. 

5) The flow is almost super-critical for the 
downstream portion. 

6) The effect of the groyne diminishes at a 
relative distance of B/Xd=0.3 towards the 
downstream. 

7) The flow diverted around the groyne hits 
the wall at downstream with a high 
velocity, so to mitigate those effects 
proper revetment work should be done. 

As a future scope this study, a series of groynes can 
be incorporated to analyse the flow characteristics.  
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