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Application and validation of TELEMAC-3D:
Case study of flow in Delft U-shaped channel
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Aquatic Ecosystem Analysis and Management Bruckstrasse 3a, 39114 Magdeburg
sumit.sinha@ufz.de

in the area of physics based numerical models for flow
simulation is obtained by using two dimensional (2D)
models. 2D models are based on depth-averaged form of the
three dimensional Navier-Stokes equations. 2D models
based on different methodologies utilize finite-difference,
finite-volume or finite-element technique for the numerical
solution of the 2D St. Venant’s equations. Some examples
are Alcrudo (2004), Kramer & Stelling (2008) and Hervouet
(2007) among numerous others.

Abstract—The multi-fold increase in the available
computational resources has led to frequent application of
three-dimensional models in the field of environmental
hydraulics. These models are routinely based on the numerical
solution of three-dimensional Reynolds Average Navier–Stokes
equations with or without hydrostatic pressure assumption
and usually incorporating Boussinesq approximation.
Examples of such commonly available three-dimensional
models are, e.g. Princeton Ocean Model (POM), Delft3D,
Finite
Volume
Coastal
Ocean
Model
(FVCOM),
Environmental Fluid Dynamics Code (EFDC), MIKE3D and
TELEMAC-3D. Although based on the same governing
equations, the aforementioned models differ in the numerical
technique employed for the solution of the non-linear
governing equations. As the number of three-dimensional
models increases, there has been an enhanced emphasis on the
verification and validation of three-dimensional models (see
e.g. Wang et al. (2009)). In this research work systematic
application and validation of TELEMAC-3D is carried out for
the famous benchmark case of Delft U-shaped channel flow
(Figure 1). Measured velocity data along the flow direction, at
a
number
of
sections,
is
freely
available
at
http://www.ncche.olemiss.edu/publishing/. We conducted a
comparison between measured and modelled data, including a
grid-sensitivity test. Finally, differences between using the
hydrostatic and non-hydrostatic version of TELEMAC-3D are
compared and discussed.

I.

Although 2D models have been successfully applied to
numerous river engineering problems, it is important to
reiterate that depth-averaged models do not provide any
insights in the vertical direction. For example in the case of
curved channels in natural rivers and streams there are
distinctive characteristics that are completely three
dimensional (3D) in nature and cannot be simulated with a
depth-averaged model. In the case of curved channels
surface superelevations are observed and flow near the free
surface is towards the concave banks and near the bed in the
opposite direction. This flow pattern sets up a secondary
current which is again usually not captured by the depthaveraged model. Secondary currents cause a unique
morphological evolution of the channel cross-section and
have a significant bearing on the bank migration of the
meandering rivers. There has been increased interest in
recent years in numerical simulation of flow through curved
channels. In order to capture the physics of flow in a curved
channel 3D models are needed. These models are based on
the numerical solution of the Navier-Stokes equations again
via finite difference, finite volume or finite element
methodology. 3D numerical models usually are based on
assumption of hydrostatic pressure in the vertical direction.
In this research a finite element based 3D model
TELEMAC-3D is used for flow simulation in the curved
channel. Both a hydrostatic and non-hydrostatic version of
TELEMAC-3D is used for the aforementioned simulation.

INTRODUCTION

Significant increase in the computing capacity of desktop
as well as cluster computers has made the application of
numerical models more and more common. In the field of
environmental hydraulics, one dimensional (1D) models
based on either integral or differential form of St. Venant’s
equations are used frequently. HEC-RAS developed by US
Army Corp of Engineers, Brunner (2010), is an example of
one of the most popular models for conducting
hydrodynamic simulation of rivers.

This research paper is organized as follows; section II
describes the experimental setup and model used. In section
III simulation results from both the hydrostatic and nonhydrostatic version of the model are presented along with the
result from a mesh sensitivity test. Finally the summary and
conclusion are provided in section IV.

Although the popularity and usefulness of 1D models
cannot be ignored, it is a well-known fact that they are based
on simplifying assumptions and consequently suffers from
some inherent limitation. 1D models are only able to provide
information in a section-averaged manner without giving any
information about the variation of flow characteristics in
transverse and vertical direction. The next level of accuracy
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vertical integration of continuity equation, using the
intermediate velocity field obtained in the previous step, and
including only the pressure term of the momentum equations
(TELEMAC-Modelling System 2007). The simulation
results presented in this research effort are based on both the
hydrostatic and non-hydrostatic version of TELEMAC-3D
model. Furthermore a grid sensitivity exercise for both
versions of the model is conducted.

EXPERIMENTAL SETUP & MODEL USED

III.

SIMULATION RESULTS & MODEL PARAMETERS

Figure 1. Delft U-shaped flume

A. U-shaped Flume
The configuration of the physical model simulated as a
part of this research is shown in Fig.1. This test case is based
on the laboratory experiment of De Vriend (1979). The
conditions for the simulated flow are presented in Table I.
The circular portion of the channel starts at y = 6 m from the
origin, which is located at the left hand bottom corner of the
channel. An inflow discharge of 0.189 m3/s is prescribed at
the entrance (Fig. 1) and a constant water elevation of 0.18 m
is maintained at the other end.
TABLE I.

Figure 2. Sections for extracting modelled velocity magnitude

As mentioned in Section II the U-shaped channel
simulated here is based on the laboratory experiment of De
Vriend. The comparison between measured and modelled
velocity magnitude is presented at seven cross-sections, S1
to S7, as shown in Fig. 2. Additionally the variation of water
surface elevation along the inner bank, middle of the channel
and the outer bank for the aforementioned cross-sections is
compared with the measured data once the numerical
simulation is converged. The horizontal and vertical
position where the water surface elevation and velocity
magnitude is compared with the measured data is shown in
Fig. 3

BOUNDARY CONDITIONS FOR FLOW IN U-SHAPED
CHANNEL

Bed
slope
So

Dis.
Q(m3/s)

Depth

Width

Len.
(m)

Inner
rad.
(m)

Outer
rad.
(m)

(m)

(m)

0.00

0.189

0.18

1.7

25.35

3.4

5.1

B. Model used
In order to examine the evolving flow structure and
changing water surface elevation in the U-shaped channel,
TELEMAC-3D was used for conducting a series of
numerical simulations. TELEMAC-3D solves the 3D
Navier-Stokes (NS) equations via a fractional step algorithm,
Hervouet (2007). When using TELEMAC-3D, the user is
free to choose the hydrostatic or non-hydrostatic version of
the code. One of the major advantages of the fractional step
algorithm implemented in TELEMAC-3D, is that the most
suitable numerical operator can be used for different terms of
the NS equations. For example the advective term in the NS
equations is resolved using the method of characteristics.
The advected velocity field along with diffusion and various
source terms in the momentum equations is then used for
obtaining further intermediate velocity fields. The third and
the final step consists of resolving water depth from the

Figure 3. Vertical and horizontal points where modelled data is observed

The simulated water surface elevation at the inner bank is
compared with the measured value at point “a” shown in Fig.
3 which lies 0.1 m from the inner bank, at point “b” which is
in the middle of the channel and point “c” which is again 0.1
m from the outer bank. Additionally, along points a, b and c
(Fig. 3) velocity magnitude is extracted at 9 distinct vertical
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points. The bottom most point (Δz1) is at 0.025 m from the
bottom of the channel and succeeding points are evenly
placed at a height of 0.020 m from each other.

To that end, the velocity vectors are plotted at sections
halfway along the channel, as well as at a distance of 2.1 m
more towards the inflow boundary and 2.1 m more towards
the outflow boundary of the domain. As shown in Fig. 4 the
velocity vectors in the section towards the inflow side are
oriented from the inner to the outer bank. As the flow
traverses further, the velocity vectors in the section halfway
along the channel exhibit a circulatory pattern, flow at the
surface is pushed towards the outer bank, whereas at the
bottom flow direction is towards the inner bank. Beyond the
centre of the channel the flow vectors in the section, shown
in Fig. 4, change direction again and are now oriented from
outer to inner bank. As regards to free surface elevation the
modelled and measured data are compared at the inner bank,
centre and the outer bank of the seven sections (Fig. 2).

The computational mesh for the aforementioned
simulation was constructed with the help of the gridding
software Bluekenue (Bluekenue (2012)). Three different
mesh resolutions were used to examine the impact of
different grid resolutions on simulation results. Mesh
construction started with fifteen nodal points on horizontal
inlet and outlet edges, the number of nodal points on inner
and outer channel boundary was fifty. Mesh refinement was
accomplished by changing the edge length of the triangular
elements in the unstructured mesh. The number of nodes and
elements in three different meshes used for the simulation is
presented in Table II.
TABLE II.

It can be clearly seen from Fig. 5 and Fig. 6 that
successive refinement of the computational mesh brings the
simulated surface elevation closer to the observed free
surface elevation. The agreement between modelled and
measured free surface elevation is better for the centre of the
channel and it improves further for the outer bank as shown
in Fig. 7. Also worth noting is that the comparison between
measured and simulated data is better for the latter sections
away from the inflow. This might be attributed to the
boundary effect which might be contaminating the solution.
As regards to the velocity the for the sake of brevity the
comparisons are only presented for sections 2, 3 and 4 and in
the centre of the channel.

MESH RESOLUTION USED FOR THE SIMULATION

Edge
Length

No. of
Nodes

No. of
Elemts

I

0.10

1292

2280

II

0.15

2267

4141

III

0.20

4695

9326

Mesh

In the simulation presented here, the method of
characteristics was used for advection. Turbulence closure in
vertical and horizontal was accomplished by using the k-ε
model. The number of horizontal level used was 21. For the
law of bottom friction, option 5 Nikuradse law with friction
coefficient value set at 0.0008 was used. The time step used
for all the simulations presented here was 0.1 seconds.

Although the match between the measured and simulated
velocity magnitude is not exact, the model is able to
reproduce the trends in the variation of velocity magnitude.
The velocity magnitude is less near the bed and increases in
logarithmic fashion as the distance from the bed increases
(Fig. 8, 9 and 10). It should be mentioned that the velocity
magnitude for the purpose of comparison at designated
points from the bottom was extracted and interpolated from
Tecplot with the help of a post-processing subroutine. This
interpolation procedure might contaminate the numerical
solution to some extent. The mesh refinement improved the
results in all the sections (2, 3 and 4) examined and
presented here.

A. Comparison between measured and modeled data with
TELEMAC-3D hydrostatic version
As mentioned above, the comparison between measured
and modelled velocity is carried out at three distinct
positions along the transverse direction, (point a, b and c Fig. 3) and at nine different vertical points. The usage of
three dimensional models also provides an insight into the
flow structure in the simulated domain.

Figure 4. Velocity vectors in sections at the bend of the channel
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Figure 5. Comparison between simulated and measured free surface
elevation at the inner bank (IB) for various mesh resolutions

Figure 8. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 2

Figure 6. Comparison between simulated and measured free surface
elevation at the centre (CT) of the channel for various mesh resolutions

Figure 9. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 3

Figure 7. Comparison between simulated and measured free surface
elevation at the outer bank (OB) of the channel for various mesh
resolutions

Figure 10. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 4
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improves the results. Both the hydrostatic and nonhydrostatic version of the model were not able to capture
the decrease in the velocity magnitude at the free surface as
observed in the measured data. As in the case of the
hydrostatic version of the model the velocity magnitude
increased in logarithmic fashion away from the channel bed
with minimum velocity near the bed and maximum near the
free surface. All the simulations presented in this research
were conducted with the parallel version of TELEMAC and
used 60 processors. The simulation time for the finest mesh
was as low as 3 minutes and even lesser for the coarser
mesh.

B. Comparison between measured and modeled data with
TELEMAC-3D nonhydrostatic version
As mentioned in section II, the simulation for the same
configuration (U-shaped channel) was also conducted with
the non-hydrostatic version of TELEMAC-3D. The free
surface elevation and velocity magnitude were extracted at
the same points for the purpose of comparison.

Figure 11. Simulation with non-hydrostatic version of TELEMAC-3D,
velocity vectors are coloured with magnitude, also depicted is
iso-surface at 0.2 m from the bottom

The simulation conducted with the non-hydrostatic version
also reproduces the same flow physics. As shown in Fig. 11,
the higher velocity is towards the inner bank of the channel,
whereas the higher elevation, also known as super elevation
is observed towards the outer bank. The contour plot of free
surface, plotted at 0.2 m from the bottom of the bed is shown
in Fig. 11. As expected when the flow enters the U-turn the
contour of 0.2 m free surface is concentrated towards the
outer bend, also commonly known as superelevation. As
regards to the comparison of free surface elevation between
the modelled and measured data, once again the model was
able to reproduce the trends in the variation of free surface
elevation. The comparative plot between simulated and
measured free surface elevation at the inner bank (IB), centre
(CT) and outer bank (OB) for the seven sections examined
here (Fig. 2) is presented in Figs. 12, 13 and 14. It is
important to point out that in comparison to the hydrostatic
version (Figs. 5, 6 and 7) results don’t improve significantly.
The match between the modelled and measured data is best
for the outer bank as shown in Fig. 14. The simulated results
almost always improved with mesh refinement and once
again the match between modelled and measured surface
elevation is better for the latter sections away from the
inflow. The same trend was also noticed in simulation
conducted with the hydrostatic version of TELEMAC-3D.

Figure 12. Comparison between simulated and measured free surface
elevation at the inner bank (IB) for various mesh resolutions with
non-hydrostatic TELEMAC-3D

Figure 13. Comparison between simulated and measured free surface
elevation at the centre (CT) for various mesh resolutions with
non-hydrostatic TELEMAC-3D

As regards to the velocity comparison, the measured and
modelled data were compared at the centre of the channel
for section 2, 3 and 4. The comparative plots are presented
in Figs. 15, 16 and 17; once again the mesh refinement

11

XXth TELEMAC-MASCARET User Conference

Karlsruhe, October 16–18, 2013

Figure 17. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 4 with
non-hydrostatic TELEMAC-3D

Figure 14. Comparison between simulated and measured free surface
elevation at the outer bank (OB) for various mesh resolutions with
non-hydrostatic TELEMAC-3D

IV.

SUMMARY & CONCLUSION

Three dimensional hydrostatic and non-hydrostatic
simulations of the flow in a U-shaped channel were
conducted using TELEMAC-3D. Both the free surface
elevation and velocity magnitude were compared against the
measured data. The finest mesh with 4695 nodes and 9326
elements showed the best match with the measured data for
both the hydrostatic and non-hydrostatic version of
TELEMAC-3D. Although the model is able to capture the
qualitative trend of the hydrodynamics simulated, some key
features like reduced velocity at the free surface and the free
surface elevation at the inner bank could be improved further.
ACKNOWLEDGEMENT
The author would like to extend his gratitude towards the
cluster team of Helmholtz Centre for Environmental Research
(UFZ), Leipzig, Germany for their help compiling and
porting the code. Dr. Talia E. Tokyay is also acknowledged
for her help with post-processing of the simulation result.

Figure 15. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 2 with
non-hydrostatic TELEMAC-3D

REFERENCES
[1]

[2]

[3]
[4]

[5]

[6]
Figure 16. Comparison between simulated and measured velocity
magnitude at the centre (CT) of the channel at section 3 with
non-hydrostatic TELEMAC-3D

[7]
[8]

12

Bluekenue, “Visualization and Analysis for Hydraulic Modeling”,
Canadian Hydraulics Centre/National Research Council. EnSimCore
Version 3.3.25, 2012.
D. J. De Vriend, “Flow measurements in a Curved Rectangular
Channel”, Laboratory of Fluid Mechanics, Department of Civil
Engineering, Delft University of Technology, Internal Report No. 979, 1979.
F. Alcrudo, “A state of review on mathematical modeling of flood
propogation”, IMPACT project.
G. W. Brunner, “HEC-RAS River Analysis System Hydraulic
Reference Manual (Version 4.1)”, US Army Corp of Engineers,
Hydrologic Engineering Center (HEC), Davis California, USA, 2010.
J. M. Hervouet, “Hydrodynamics of free surface flows- Modelling
with finite element method”, John Wiley & Sons 341 pp ISBN 978-0470- 03558-0, 2007.
S.C. Kramer, G. S. Stelling, “ A conservative unstructured scheme for
rapidly varied flows”, International Journal for Numerical Methods in
Fluids, 58 (2), 183-212, 2008.
“Telemac Modelling System – TELEMAC-3D CODE OPERATING
MANUAL”, December 2007.
S. S. Y. Wang, P. J. Roache, “Verification and validation of 3D freesurface flow models”, ASCE publication 2009.

