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Pathway of hyperpycnal river inflows based on the conceptual model of Fischer (1979) modified from Blanckaert et al. (2024)
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Plunge point
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Hyperpycnal inflows in lakes

Introduction
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Plunge point

Detachment point

Hyperpycnal inflows in lakes

Lofting & surface leakage

Introduction

Pathway of hyperpycnal river inflows based on the conceptual model of Fischer (1979) modified from Blanckaert et al. (2024)
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 (source: Thorez et al. 2024)

Classical 2D model

Confined Dranse de Bagnes inflow into Lake Mauvoisin (Switzerland)

Near field

Plunge point

Detachment point

Introduction
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Hyperpycnal inflows transport sediments, nutrients, oxygen and contaminants etc., into lakes.

➔ Water quality 
➔ Reservoir storage capacity 
➔ Ecological status of the lake 
➔ Hazards 
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Relevance

Unconfined field examples (modified from Thorez et al. 2024).



Dominant control parameter: Fr   (Densimetric Froude 
number)

Fr   = 

where reduced gravity

Dominant process in the near field: Plunging

Mixing & entrainment 

Discharge increase

 Dilution of the density excess

Momentum

Buoyancy
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Background of the study
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State of the art

➔ Hardly any attention given to sediment transport and morphological processes in the near field region

Near field 

Plunging open-channel inflow led to 
different underflow behaviour than 
an inflow introduced under a sluice 
gate at the bottom.
(Sequeiros et al. 2009)

Hydraulic processes in unconfined 
configurations are more complex
➔ Geometry, bottom slope and Frd,0

Unconfined Ep > confined Ep

Unconfined field Ep >>  Unconfined lab Ep
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State of the art

Field (Thorez et al. 2024)

➔ Flow structures
➔ Transient storage hypothesis 

Laboratory/Numerical (Shi et al. 2022)

➔ Control parameters
➔ Extended geometry

Only one width (2 m) and one aspect ratio (25), 
no sediments, confinement modelled numerically.
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Research questions

RQ.1 How does the inlet aspect ratio (B0/H0) affect the hydrodynamics of plunging?

RQ.2 How does the extended longitudinal confinements of the inlet affect the hydrodynamics of plunging?

RQ.3 What is the influence of sediments on the flow and mixing processes and how can this be quantified?

RQ.4 What are the dominant interactions between the flow, sediments and the bathymetry?
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Innovation 

Parametric space of geometries

Riverine inputs pathway manipulation

Flow-sediment-bathymetry interactions 

in the near field region

Unique Coriolis platform
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Methodology

Laboratory Experiments

Saline plumes (SAL) Sediment-laden plumes (SED)

Aspect ratio 
27, 13.5, 9 and 5.4
(Paper 1 - RQ.1)

Confinement
0 m, 1 m, 1.5 m and 2.5 m

(Paper 2 - RQ.2)

Trial

Depositional-erosional plumes  
(Paper 3 - RQ.3 & RQ.4)

Froude number scaling: Frd, Rhône = Frd, Lab

W0, Rhône W0, Lab

Geometric scaling: W0, Rhône = 60 x W0, Lab

Laboratory setup at 
CORIOLIS
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Methodology

Experimental dataV - Vertical

H  - Horizontal

S   - Inclined

➔  Inflow verification and data quality assessment

SAL Set-up

SAL Data
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Methodology
SED - Trial: Adapting and testing the Coriolis for sediment laden flows

Deposition-pickup patterns

During  experiment

Post experiment

SED - Depositional-erosional experiments

1. Low Q0 and SSC0  (repeatedly)
➔ Deposition

2. High Q0 and SSC0 
➔ Pickup

Lofting and surface leakage -  slightly positively 
buoyant inflow 

*

Shield’s scaling
(Sequeiros et al., 2010)
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Preliminary results

SAL 1 - Aspect ratio influence (RQ.1) 

(0.4-0-V1) _ Frd,0 = 4.49 (0.4-0-H1) _ Frd,0 = 4.96

(1-0-V5) _ Frd,0 = 5.23 (1-0-H2) _ Frd,0= 4.82

(0.67-0-V1) _ Frd,0 = 4.04 (0.67-0-H1) _ Frd,0 = 3.54

(2-0-V1) _ Frd,0 = 4.40 (2-0-H1) _ Frd,0 = 3.96
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Preliminary results

SAL 2 - Confinement influence (RQ.2)

(0.4-0-V1) _ Frd,0 = 4.49 (0.4-0-H1) _ Frd,0 = 4.96

(0.4-2.5-V1) _ Frd,0 = 4.71 (0.4-2.5-H1) _ Frd,0 = 4.71

(0.4-1-V1) _ Frd,0 = 4.96 (0.4-1-H1) _ Frd,0 = 4.96
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Planning
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Planning

Influence of Aspect ratio and 
Confinement.

Influence of Sediment and Interactions 
between flow, sediment and bathymetry.
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Outlook

● Completion of data processing and analysis

● Preparations for the main SED experiment (Depositional - erosional experiments)

● Manuscript preparation for the proposed papers

The proposed papers include:

Paper 1: Effect of inflow aspect ratio, B0/H0 on the hydrodynamics of plunging.
➔ RQ.1 using SAL

Paper 2: Effect of confinement on the hydrodynamics of plunging.
➔ RQ.2 using SAL

Paper 3: The influence of sediment on the flow and mixing processes and the dominant
interactions between the flow, sediments and the bathymetry.
➔ RQ.3 & RQ.4 using SED



21HARP Proposal Defence 10.10.2024



22HARP Proposal Defence 10.10.2024

Questions


