Gesa-Partner 8 East-Macedonia Thrace —

What has been done during phase C
Participants: Prof N Kotsovinos, Prof. C Koutitas, , Prof. V Hrissanthou , and the M.Sci. Eng. A.
Georgoulas ,A Samaras, A Valsamidis, M. Andredaki

During the on going Phase C the GESA research team of the
region East -Macedonia Thrace , worked along three particular projects

1) modelling the turbidity currents generated during floods at the
rivers mouth, and examine in particular the importance of the turbidity
currents of river Evros in the overall morphodynamics of the
continental shelf .

2) to elaborate on the appropriate methodologies in order to calculate
the reduction of the sediment yield at the mouth of (big) rivers due to
construction of dams

2) detailed simulation of morphodynamic modelling and shoreline
changes in the vicinity of the Nestos river Delta , using the software
programs CEDAS ( NEMOS, GENESIS)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastaslos, MSc Civil Engmeer)

*Possible formation of
Hyperpycnal flows (Turbidity
currents) during extreme
flood events due to excess
suspending sediment
concentration in Nestos river
discharge into Aegean sea.

-Aegean Sea” Cocs*

Aegean Sea

eFormation of Hyperpycnal
flows (Turbidity currents)
during extreme flood events
due to excess suspending
sediment concentration in
Evros river discharge into
Aegean sea.

_;-'v_s. i,

DEMOCRITUS UNIVERSITY OF THRACE

(_// Department of Civil Engineering
7 Hydraulic Sttuctures Sector - Hydraulics & Hydraulic Strucrures




TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

The simulation is carried out using Fluent. The Numerical model assumes 2 separate

Fluids, fresh water being the Primary Fluid and water-sand mixture being the secondary
Fluid.

The numerical model solves the Reynolds-averaged Navier-Stokes equations together
with an equation that calculates the Volume Fraction of the secondary fluid. Closure of
the turbulence stress terms is obtained by using the k-e turbulence model, where k is
The turbulent kinetic energy and e is the turbulence dissipation rate.

The model solves the above equations for each of the two fluids and for each cell of the

Mesh that is used. The time step is chosen to be 0.1 sec and the total simulation time for
Each runis 15 sec.
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

Computational Fluid Dynamic (CFD ) modelling of turbidity
currents, with primary focus on the flow structure, as well as particle
transport, erosion and deposition of turbidity currents.

«3D simulation of hyperpycnal flows after extreme flood events
using FLUENT 6.3 (A robust CFD Solver).

«Study of sediment transport from the river mouth to the continental
slope.

«Study of sea bed erosion and deposition.

*Application in Nestos and Evros rivers.
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)
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TURBIDITY CURRENT MODELING
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TURBIDITY CURRENT MODELING
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

z (Georgoulas Anastasios, MSc Civil Engineer)

Fresh Water
X

Initial Volume fraction of fine sand = 0.35 (or 35% by Vol.)|

Fine Sand Particle Diameter = 0.235 mm

|
Inflow Velocity = 1.24 m/sec X

éed Covered with setled fine sand with initial
Volume Fraction of 0.56 (or 56% by Vol.)

Contours of Fine Sand Volume Fraction in a center plane along Fine Sand V1|

flow direction.
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Inflow Gate

Turbidity Current Tail

Turbidity Current Head

Contours of Fine Sand Volume Fraction in a center plane along
flow direction.
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSci Civil Engineer)

Intemal Hydraulic Jump
due to slope change

Contours of Fine Sand Volume Fraction in a center plane along Fine Sand V1

flow direction.
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TURBIDITY CURRENT MODELING
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[Contours of Fine Sand Volume Fraction in a center plane along Fine Sand V1
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TURBIDITY CURRENT MODELING

(Btolj(o!souinnlmkolaos)
lﬁ_w_rgglulas Anastasios, MSc Civil Engineer)

Z Contours of Velocity Magnitude in a center plane
parallel to the direction of the flow.
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

z Contours of Velocity Magnitude in a center plane
parallel to the direction of the flow.
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TURBIDITY CURRENT MODELING

(Btolj(o!souinnsiéikolaos)
lﬁ_w_rgmar Anastasios, MSc Civil Engineer)

Z Contours of Velocity Magnitude in a center plane
parallel to the direction of the flow.
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TURBIDITY CURRENT MODELING
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Z Contours of Velocity Magnitude in a center plane
parallel to the direction of the flow.
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

Bed initially covered with Fine Sand
(Vol. Fraction of 0.56)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Geﬂgulas astasios, MSc Civil Engineer)

Channel with Levees
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

& Civil Engineer)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

[Sontours of Fine Sand Volume Fraction_and Velocity vectors| (Fiie S2nd )
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

*Validation of Turbidity Current Numerical
model simulating the physical experiment of
BAAS et al. (2004) and comparing the results
of the experimental and numerical runs.

*Experimental Run & Numerical Run , Initial
conditions:

-Mean Grain Size = 0.235 mm

-Initial Sediment Concentration = 35% by Vol.
-Channel Slope Angle = 8.6°

-Slope Type = Smooth

-Inflow Velocity = 1.24 m/sec
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Experimental Set-up
(Baas et al., 2004)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastaslos, MSc Civil Engmeer)




(Prof. Kotsovinos Nikolaos)

( GE TURBIDITY CURRENT MODELING
(Georgoulas Anastasios, MSc Civil Engineer)

*Experimental Run 3 (Baas et al.), main results:

-Turbidity Current Head Velocity = 0.952 m/sec [1]

-Spreading Angle of Fan = 28.5° [ 2]

-3 sec after passage of head from position Ottl Quasi-Steady flow
established in the body of the turbidity current [3]

-Internal Hydraulic Jump at the entrance to the expansion table [4]
-Two layers developed. A dense bottom layer moving parallel to the

channel bed and an upper dilute layer where mixing with ambient fluid
takes place [5]
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_ TURBIDITY CURRENT MODELING
Numerical Model (Prof. Kotsovinos Nikolaos)

Geometry & Mesh . (Georgoulas Anastaslos, MSc Civi IEnglneer)
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GESA Numerical Model
Results

TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

Contours Of Velocity Magnitude (m/sec)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

= ﬁﬁ&_ Numerical Model
Results
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[2] Isosurfaces Of Sediment Volume Fraction




e _ TURBIDITY CURRENT MODELING
GESA  Numerical Model (Prof. Kotsovinos Nikolaos)

Results . . .
(Georgoulas Anastasios, MSc Civil Engineer)
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e _ TURBIDITY CURRENT MODELING
GESA  Numerical Model (Prof. Kotsovinos Nikolaos)

Results (Georgoulas Anastasios, MSc Civil Engineer)
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TURBIDITY CURRENT MODELING
(Prof. Kotsovinos Nikolaos)

(Georgoulas Anastasios, MSc Civil Engineer)

GESA Numerical Model

Results

'Contours Of Sediment Volume Fraction|

Phase 3
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C v TURBIDITY CURRENT MODELING

(Georgoulas Anastasios, MSc Civil Engineer)

Comparing the experimental results (1,2,3,4,5) with the corresponding
numerical results shown in previous figures (1,2,3,4,5) It is concluded
that the numerical simulation predicts the Turbidity Current behavior
accurate enough.

* Hence, the proposed numerical model can be applied to field scale
situations in order to study the dynamics as well as the erosional and
depositional characteristics of Turbidity Currents.

DEMOCRITUS UNIVERSITY OF THRACE

Q/ Department of Civil Engineering k
= Hydraulic Structures Sector - Hydraulics & Hydraulic Strucrures.




