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è 3D-models with single fluid phase: Special parts of the
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è 1D-models: networks of filling and emptying systems 
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è 2D-models, depth averaged: Inlet-outlet areas, maybe
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è 3D-models with multiple fluid phases: Flow in chamber,  
water saving basins, inlet-outlet areas

è 2D-models, depth averaged: Inlet-outlet areas, maybe
chamber sloshing (lock cycles)

Classification of numerical models

One dimensional models

• Momentum equation solved for only a single 
direction at each regarded point

• Geometry is reduced to “linear” objects
• Averaging over cross sections 
• Heavily based on the knowledge of 

characteristic parameters (loss coefficients)
• Applicability can be doubted if pipe length 

between objects is too small



Example: Panama Canal Locks (by ACP)

Hydraulic loss coefficient must be calculated/measured

Example: Panama Canal Locks

Network model of the lock



Example: Network model results

Resulting plot with valve schedules (green),  
flowrate (red), waterlevels (blue)

One dimensional models

• Can reproduce the large scale dynamics of a 
filling/emptying system

• Easy to simulate large number of variants

• Parameters have to be evaluated very, 
very carefully!



Two dimensional models 

• Momentum equations solved for two directions

• Depth averaged (“Shallow water equations”)

• Detailed information in the horizontal plane

• Geometry is no longer completely “parameterized”
but part of the model

Two dimensional models 

Large scale flow modelling
downstream of a weir 



Two dimensional models 

• Only applicable if vertical fluid acceleration
is negligible

• Gives good results for approach areas, rivers 
and canals

• Sometimes applied for simulating sloshing in
the lock chamber

• Much more “fluid physics” are computed by the
numerics, less dependent on parameters

Three dimensional models 

• Detailed reproduction of the geometry, which
has to be discretized

• Impact of geometry on the flow is no longer
parameterized, solution of 3D momentum equations

• Without free water surface: Culverts, bends, …

• With free water surface: Chamber, water saving
basins, inlets, outlets 

• With moving objects: Valves, ship in chamber



Possible lock modeling strategy

• 3D-CFD model (or
hydraulic model) for local
loss coefficients

• 3D-CFD model (or
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• 1D-network model for the
lock complex

Possible lock modeling strategy



• 3D-CFD model (or
hydraulic model) for local
loss coefficients

• 1D-network model for the
lock complex

• 3D-CFD model (or
hydraulic model) for flow
in inlet/outlet, chamber, 
…

Possible lock modeling strategy

• 3D-CFD model (or
hydraulic model) for local
loss coefficients

• 1D-network model for the
lock complex

• 3D-CFD model (or
hydraulic model) for flow
in inlet/outlet, chamber, 
…

• 2D-CFD model (or 3D-
CFD or hydraulic model) 
for flow in approach
areas, adjacent rivers or
canals

Possible lock modeling strategy



è Cooperational development with partners

Possibility to steer developments
Larger base of developers / users
Typical for research institutions

è Externally developed codes

„Take it or leave it“

Strategies for code development
è In-house developments

Accumulation of knowledge
Requires highly skilled experts
Typical for universities

Troubles with 3D models

• Choice of turbulence model is difficult

• Impact of grid resolution is not negligible

• Different scales can be problematic

• Moving parts are difficult to handle for
complex geometries



Turbulence modeling

• Detailed reproduction of microscopic fluid 
movement is not possible

• Real energy dissipation process (large eddies >>
small eddies >> heat) can not be modelled

• Replacement for the missing dissipation:
Turbulence models add artificial viscosity

• Which turbulence model to choose?

Turbulence model: RANS or LES?



Necessary grid resolution

Necessary grid resolution



Example for scale problems …

- Complex shape

- Based on laboratory
studies for other locks

Proposed inlet
configuration
for new lock

Concrete is translucent in this case…

Simulation results for the inlet



Only a small part of 
the lock filling system 
was regarded!

Is this the whole story?

Filling of the lock chamber
from below, through a 
multitude of nozzles

(Picture: Lock Uelzen II).

Filling and emptying system



- Grid-convergence for 5 mm resolution at the edge
- Total system size is ~200 m ...

Simulation of different nozzles

• Grid resolution inlet area: ~12 cm
• Simulated time: several minutes

• Grid resolution nozzles: ~0,5 cm
• Simulated time: 30 s

• ~ 400 nozzles in the chamber floor

��� � Computing all of the lock in „nozzle resolution“
requires multiple magnitudes more CPU-power ...

Further considerations



(Intel corp. 2007)

Simply wait another decade?

Development of CPU resources

Use more computing power

++++

Equivalent replacement
models for the nozzle flow

��� � introduce „coefficient“
based physics into the 3D 
model

Possible solution
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Conclusions

• Many aspects of the flow in and around 
locks can be computed

• (Currently) it is necessary to couple different 
models to get the “whole thing”

• Uncertainties (grid resolution, turbulence 
models) must be considered and tested for

• Ask about the quality, maybe have multiple 
(good) modellers (and compare the results)

• Don’t sim ply trust pretty pic tures


