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Abstract—Assessing the influence of small geometry changes in
trained rivers is becoming a more and more common task at
the Federal Waterways Engineering and Research Institute
(BAW). In order to validate the impact on water levels and
velocity distribution of such modifications, a flume and a
detailed measuring program in 2D and 3D was set up. The
resulting dataset was applied to validate the numerical models
in use at BAW. In this paper, the results from TELEMAC-3D
6.1 are presented. The study shows that horizontal flow in a
emerged groyne field in a numerical model is mostly
influenced by the advection scheme properties, whereas good
representation of the vertical eddy behind submerged groynes
essentially needs an appropriate turbulence model.

inductive sensor for point measurements (P-EMS [3]) of
flow velocities in two spatial directions (bottom near to
surface near) and acoustic Doppler velocimeter (ADV) for
point measurements of flow velocities in three spatial
directions.

I.

The following variants are investigated so far:

INTRODUCTION

V00: Flume with graded gravel bed, no training
structures inserted.

•

V01: Flume trained at full length with 40
schematized groynes (0.08 m height, 1.20 m long,
placed at 1.50 m distance to each other).

•

V02: Partial variation of trained flume within the
groyne assembly: embankment of 12 m length.

Discharges (water depths respectively) which result in
emerged, slightly submerged and fully submerged groynes
(Tab I) are taken into this investigation.

German waterways are maintained according to river
training concepts. Within these inter-regional concepts,
presently rather minor modifications in training structures
(e.g. re-emptying of silted groyne fields) become more and
more frequent. These changes aim at either improvement of
navigational and/or ecological conditions. In order to get a
reliable assessment of quality and quantity of the impact of
such small changes, a flume test was set up and a detailed
measuring campaign covered relevant aspects [1]. This
flume dataset was then applied to assess the quality of
prediction of the numerical models in 2D and 3D, which are
in use at BAW as standard modelling tools. A
comprehensive data set resulted from this study. In this paper
we will focus on certain aspects of numerical modelling of
emerged and submerged training structures and on the results
from 3D-modelling with TELEMAC-3D 6.1.
II.

•

TABLE I.

LIST OF MEASURED DISCHARGES AND WATER-DEPTH
Discharge [l/s]

Water depth H [m]
0.07
0.12
0.16

III.

V00

42
100
157.8

V01

21
56
92

Emerged
Slightly submerged
Fully emerged

THE NUMERICAL MODEL BASED ON TELEMAC-3D 6.1

Tab. II summarizes the key data for the numerical model.
The two-dimensional base grid of TELEMAC-3D was set up
as unstructured triangular grid. In vertical sigma-layering
with a logarithmic distribution was applied.
TABLE II.

THE REFERENCE DATA SET

MODEL DESCRIPTION

Parameter

The flume has an experimental length of 62 m and is 2.5
m wide. The slope is realized by inserting a non-movable
gravel bed at a targeted grade. The following measuring
techniques were used: magnetic inductive discharge
measuring device to guarantee a reproducible discharge
(MID), ultrasonic measuring devices for perpetual recording
of water levels during experiment, 3D-photogrammetric
camera-systems [2], 3D-particle tracking (PTV) for
extensive measurements of surface flow velocities and water
levels, correlation measurements: extensive measurements of
bottom and training structure topography; magnetic

Number of nodes
Number of elements
Min. / Max. length of edges
Min. /Max. height of vertical planes
Time step
Number of time steps / Duration
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approx. 54000
approx. 106000
0.05/ 0.1 m
0.002/ 0.005 m
0.1 s
120000 / 33,3 h
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The numerical modelling included the investigation of
several combinations of advection schemes and turbulence
models available in TELEMAC-3D [4]. A combination of
constant horizontal viscosity and Prandtl mixing length PML
approach or a full three-dimensional k-ϵ-model was applied.
For the advection stage characteristics or MURD-scheme are
taken [4].

Flume-scale model results

A. Calibration
In the calibration process measured water levels,
horizontal near-wall velocities and several vertical velocity
profiles were compared to computational results. During this
process an optimal equivalent sand roughness ks after
Nikuradse could be found for variant V00 valid for all
discharges. The agreement between measurement and
computational results are quite satisfying and could be
validated with measurements from other variants [1].
A dependency of the roughness parameter on the
turbulence model can be noted. For PML a lower ks-value is
needed than for a k-ϵ-model to reach the same water level.
The vertical velocity profile using PML showed good
agreement with the measured profile whereas the vertical
velocity profile from computations with k-ϵ-model showed
too low velocity in the lower half and, in consequence, too
high velocities in the upper half of the vertical profile.
Accordingly, the vertical profile of computed viscosity for
the k-ϵ-model is not parabolic.

Down-scaled real-scale model results

Interestingly, the lateral non-dimensional wall-friction
parameter AUBOR [5] also played an important role in the
calibration process due to interdependencies of the wallfriction with advection scheme and turbulence model.
B. Scaling effects
Systematic reference data sets at real scale are difficult
and very expensive to obtain. Therefore numerical modelling
at laboratory scale is a possibility for validation. In order to
investigate scaling effects, tests with an up-scaled numerical
model (length scaling factor L*50) were performed. The
results from the real-scale model were down-scaled (velocity
scaling factor v/7.071)

Real-scale model results

Fig. 1 shows the results of the numerical model for flume
-scale (top), for real-scale model (bottom) and the downscaled results from the real-scale model (middle). Comparing
the results between directly flume-scale calculated (top) and
down-scaled real-scale (middle) the computations show
minor differences in velocity distribution at the leeside of the
groyne as well as above the groyne crest. Nonetheless, the
small differences in the obtained results legitimate the
approach of numerical modelling at laboratory scale and
formulating conclusions for the real scale.

Figure 1. Scaling effects in the longitudinal distribution of computed
velocities over groynes (TELEMAC-3D 6.1 simulation of V01)
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(Fig. 3c) and supplies a good basis for the k-ϵ-turbulence
model (Fig. 3b) to further improve the results.

a)

b)

c)

d)

Figure 2. Measured (3D-PTV) and computed surface flow velocities in
the main channel and groyne field for different types of advection schemes
and turbulence models. a) Laboratory measurements, b) MURD-scheme
and k-ϵ-model, c) characteristics and PML and
d) characteristics and k-ϵ-model

IV.

HORIZONTAL FLOW IN EMERGED GROYNE FIELDS –
A PROCESS MOSTLY INFLUENCED BY THE
ADVECTION SCHEME

Knowing the influence of groynes on the water level is
the key importance to river engineering. However, when it
comes to estimating sediment transport into and out from a
groyne field it is also important to get a correct distribution
of flow velocities between main channel and groyne field as
well as in the groyne field itself. For this purpose surface
velocities were measured in the flume for the case of
emerged groynes (H=0.07 m). Fig. 2 shows the measured
data set as well as results from various numerical simulations
in the main channel and the groyne field. The flow is
predominantly horizontal. A well expressed groyne field
eddy rotating on the outer edge at approximately 1/3 of the
speed of the main channel is clearly visible (Fig. 2). A closer
look at groyne field flow can be taken in Fig. 3. The
apparently large differences in surface velocities in the main
channel (Fig. 2c and Fig. 2b and d) result from differences in
the computed vertical velocity profiles, as already mentioned
in chapter III A. The k-ϵ-model leads to lower velocities near
the bottom and thus, higher velocities near the surface
compared to the measured vertical distribution.

Figure 3. Surface velocities in a groyne field in detail. a): Laboratory
measurements, b) MURD-scheme and k-ϵ-model, c) MURD-scheme and
PML and d) characteristics and PML

The advection scheme based on the concept of
characteristics seems to suppress the transport of momentum
into the groyne field (Fig. 2c) and Fig. 3d). The MURDscheme gives better agreement with the measured flow field
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Figure 4. Flow over a groyne presented in a vertical section. a): Laboratory measurements (side looking vectrino), others: TELEMAC-3D 6.1
b) MURD-scheme and k-ϵ-model, c) MURD-scheme and PML, d) Characteristics and k-ϵ-model and e) Characteristics and PML

16

XXth TELEMAC-MASCARET User Conference

Karlsruhe, October 16–18, 2013

V.

FLOW OVER SUBMERGED GROYNES – A PROCESS
MOSTLY INFLUENCED BY THE TURBULENCE MODEL

VI.

CONCLUSIONS

The advection scheme has a dominant influence on the
horizontal flow pattern developing in emerged groyne fields.
A two-equation turbulence model like a k-ϵ-model can
improve the representation of the shear zone and turbulent
energy transport. In the submerged case, the numerical
simulation of the vertical recirculation zone is mainly
governed by the turbulence model. Again k-ϵ-model can be
an adequate tool for modelling this situation. The advection
scheme can lead to further improved reproduction of the
overall measured flow field. The combination of MURDscheme and k-ϵ-model gave agreeable results for both
submerged and emerged groynes. It seems to be an adequate
choice for 3D-modelling of groyne field flows with
TELEMAC-3D 6.1.

Even more challenging than groyne field flow is
modelling the flow field behind submerged groynes. When
the groyne is submerged, a vertical eddy develops right
downstream the groyne. A longitudinal transect of vertical
velocity profiles, crossing a groyne were measured
(H=0.16 m). It shows a vertical recirculation zone lee side of
the groyne, which extends almost to the mid of the groyne
field (Fig. 4). Above the groyne the dataset shows higher
velocities closer to the crest than to the surface and the
highest velocities were measured directly downstream the
groyne ridge near the surface. First of all, non-hydrostatic
computations are necessary in order to not only get the right
change in water-levels but also in order to allow the vertical
recirculation as a low pressure field has to develop right
behind the groyne as trigger to it.
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The computations using the k-ϵ-model (both
characteristics and MURD scheme) show the recirculation
zone at a shorter extension into the groyne field and flow
velocities are slightly too low. Besides, no inversion of
velocity distribution over the groyne ridge can be found.
Using the characteristics scheme, the velocity distribution
above and lee side of the groyne does not fit the measured
pattern very well: highest velocities are found above the
groyne and not directly downstream. With the MURD
scheme the results are more satisfying. Apparently, the
highest velocities were computed right downstream the
groyne. The velocity distribution above the groyne crest
observed in the experiments can also be found. On the other
hand, the MURD scheme underestimates the velocities at the
upstream foot of the groyne probably leading to too low
velocities on top of the groyne.
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