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SPHERIMENTAL MODEL: DEVELOPMENT AND NEW CAPACITIES 
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HYDROGRAPHICAL STUDIES CENTER. 

CEDEX
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HYDRAULIC LABORATORY
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SPH METHOD 

h
r
r´

Kernel: smoothed fuction. 

➢ SPH solves 3D de Navier Stokes equations:

➢ Weaky compressible flow:

➢ Turbulence Model for free surface flow (Monaghan)

➢ Alfavor improvement:

➢ 𝛼 = 𝛼 𝑣𝑜𝑟𝑡𝑖𝑐𝑖𝑡𝑦 if Froude >5

➢ Boundary condition

➢ Input/output particles.

➢ Mobile boundaries (gates, wavemakers)

➢ Diffusion / Thermic flow

➢ Solids

➢ Pumps

➢ Flow in head

➢ Sediment particles /suspension flow

➢ Air particles

Lenard Jones Forces (d0 ) Friction Forces (d0 )
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SECUENTIAL FORTRAN CODE 
STRUCTURE

SEARCH.F90

 (simple/linked list)

INTERACT.F90

Kernel:

Cúbico 

Quintico

Gauss

Wendland

MAIN.F90

PARTICLES.F90             

INTEGRATE.F90

Euler
Simplectic

Runge kutta 3er

CODE EVOLUTION: MDST

PGI FORTRAN 90
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STRUCTURE FORTRAN MPI 
CODE

MDST-MAIN.F90

INTEGRATE

SEARCH+INTER

INTEGRATE

SEARCH+INTER

INTEGRATE

SEARCH+INTER

EXCHANGE.F90             

PARTICLES.F90             

12 blades 4porc.

CPU. Opteron AMD 

885. Dual
32 GB

Memory frecuency

Memory cache

1000 Mhz

1 Mb 

CODE EVOLUTION: MDST MPI

PUERTOS (2008)

PGI FORTRAN 90 -MPI
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MDST MPI Applications in hydraulics structures

V
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../VILLAR_DES-APERT-4-est.evo
../VILLAR_DES-APERT-4-est.evo
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CODE STRUCTURE FORTRAN CUDA

SEARCH.F90

INTERACT.F90

INTEGRATECUDA.CUF

SEARCHCUDA.CUF

INTERACTCUDA.CUF

SECUENCIALCUDA

MAIN.F90

PARTICLES.F90             

INTEGRATE.F90

CODE OPTIMIZATION

➢ Memcpy device to host only for results

➢ Texture memory

➢ Search method of linked list changed for spatial hash

➢ Coalescence: Reordering of particles by spatial criterion.

➢ Single precision: local coordinates

SEARCHINTERACT.F90

SEARCHINTERACTCUDA.CUF

➢ Secuential data structure: 0.14 106 particles/Gb

➢ CUDA data structure: 4 106 particles/Gb RAM

➢ Computation performance: 1000.106 interactions/s Nvidia GTX1080 (model of 106 particles and time step : 10-3 s

➢ Computation performance: 2650.106 interactions/s Nvidia V100 (model of 9.106 particles and time step : 10-3 s

CODE EVOLUTION: SPHERIMENTAL

PGI VISUAL FORTRAN - CUDA

Docker
NVIDIA HPC SDK Linux
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PRE & POST PROCESS TOOLS 
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INPUT BOUNDARY CONDITION
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INPUT BOUNDARY CONDITION: MULTI INFLOW
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OUTPUT BOUNDARY CONDITION (CONTROLLED LEVEL)
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SPHERIMENTAL. HIDRODINAMICALS STUDIES
Bárcena dam intermediate outlet
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SPHERIMENTAL. HIDRODINAMICALS STUDIES
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SPHERIMENTAL. HIDRODINAMICALS STUDIES
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SPHERIMENTAL. HIDRODINAMICALS STUDIES
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V= f(Q,D)

PUMPS: OUTPUT BOUNDARY CONDITION
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PUMPS: OUTPUT BOUNDARY CONDITION
Casa Blanca Pump Station (La Habana, Cuba)



S
P

H
E

R
IM

E
N

T
A

L
 m

o
d

el
: 

d
ev

el
o

p
m

en
t 

a
n

d
 n

ew
 c

a
p

a
ci

ti
es

 

Integración de técnicas de gabinete y campo para la gestión 

del sedimento  

SIMULATION OF PRESSURE DUCTS

Boundary resizing

 Dr = 0,7· dx

(Calibration)

Braking effect on boundaries

𝑓 𝒓 = 𝑑0

𝑟0

𝑟

𝑝1

−
𝑟0

𝑟

𝑝2 𝒓

𝑟2 − 𝐶𝑟𝑜𝑢𝑔ℎ

𝑣𝑝𝑎𝑟𝑡
2

𝑑𝑥

𝒗𝒑𝒂𝒓𝒕

𝑣𝑝𝑎𝑟𝑡
+𝑎𝑎𝑐𝑒𝑙

𝒗𝒑𝒂𝒓𝒕

𝑣𝑝𝑎𝑟𝑡

F. Lennard-Jones

 

F. friction

 

F. lubrication

൞

 

𝐼𝒇 𝒓 ∙ 𝒗 > 1

𝑎𝑎𝑐𝑒𝑙 = 0,05 · 𝑔

(Calibration)

0
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SIMULATION OF PRESSURE DUCTS
Outlets of Aguilar de Campoo dam
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ROTATIONS IN MOVING BOUNDARIES.
Application to Sloshing 
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COASTAL ENGINEERING APPLICATIONS
Study of wave overflow on the Sardinero promenade
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SOLIDS 
APPLICATION TO GROSS SOLIDS 

Radio: 17 mm
Generatriz: 80 mm
Tamaño partícula: 5 mm
Número partículas: 1796
Densidad: 1060 g/l
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If (Tipo A =Tipo B) Tipo 1 ->  (NS+Viscosity)

If (Tipo A =Tipo B) Tipo 2 -> (NS+internal friction)

AcelA < Acelcrit   -> Sediment particle no movement
 

AcelA > Acelcrit   -> NS+internal friction
  

¿ Drag start? =f(aceleration)

h
r
r´

TWO-PHASE FLOW. WATER-SEDIMENT
BEGINNING OF MOVEMENT

𝜌𝑤𝑎𝑡𝑒𝑟 = 1000 𝑘𝑔/𝑚3

𝜌𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 = 2650 𝑘𝑔/𝑚3
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TWO-PHASE FLOW. WATER-SEDIMENT
SEDIMENT TRANSPORT
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TWO-PHASE FLOW. WATER-AIR
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Nagore. Flow in head.  Air bags in the outlet duct

Nagore spillway
TWO-PHASE FLOW. WATER-AIR
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Pressure due to air bags

Nagore spillway
TWO-PHASE FLOW. WATER-AIR
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AIR OUTLET DUCTS

Nagore spillway
TWO-PHASE FLOW. WATER-AIR
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Thanks for your kind attention


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30

