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Context: atomization

Source: C. Dumouchel, CORIA Rouen. Source: P. Edwards, Stanford

Separated phases

• Smooth interface,

• Instabilities λ „ 1mm.

• Reλ „ 104, Weλ ąą 1.

Source: J. Réveillon

Disperse phase

• Polydisperse cloud (d „ 10µm).

• Drag, collisions, evap., reaction. . .

• Red ă 100,Wed ă Wec

Very large range of
scales (ˆ106).
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Eulerian moment method

Williams-Boltzmann ([4]) Equation: fpt,~x,~c, Sq
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Eulerian moment method

Simplifying Hypotheses:

fpt,~x,~c, Sq “ npt,~x, Sq.ψp~c, ~uq, ~F linear, RSpSq “ ´K.
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System of equations, (Essadki [1, 2])

Fractional moment model: fpt,~x,~c, Sq “ npt,~x, Sqδp~c´ ~uq, τp “ θS
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Advection: Numerical Discretization

Polynomial Discretization

Mhpxq “
ÿ

iPMh

ÿ

kPCi

Mk
i ϕ

k
i pxq

Discontinuous Galerkin Formulation

BtM ` BxFpMq “ 0 ñ

ż

Ci

„

BtMh ` BxFpMhq “ 0



ˆ ϕli

|Ci|
ÿ

kPCi

ˆ
ż

Ci
ϕliϕ

k
i

˙

BtM
k
i

loooooooooooooooomoooooooooooooooon

Time Evolution

`

ż

BCi
F˚
pM ext

i ,M int
i , ~nq

loooooooooooooomoooooooooooooon

Numerical Flux (Surface)

“

ż

Ci
FpMhq.

ÝÑ∇ϕlidx.
looooooooooomooooooooooon

Volumic Term

HODINS Team StarPU for Hyperbolic Equations 7 / 24



Global numerical procedure

Advection Reconstruction Evaporation

Projection

Transport in 
phase space

Next time step

Drag

HO DG Entropie Max. Mass Loss
Flux

Quadrature
on 

3 ODEs

1 ODE

Compute 
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Heterogeneous Architechures (Top500)
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Heterogeneous Architechures

Graphic Cards (GPU)

Many Integrated Core (MIC)

System on Chips (SoC)
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Task-driven Programming: a StarPU Lexicon

Task “ Codelet
looomooon

Task Descriptor

` Kernels
looomooon

Executed Code

` Data handles
looooooomooooooon

Memory Management

Example: ~c “ ~a`~b.

Task

Codelet

# of Handles = 3; //p~a,~b,~cq

Access Modes = tR,R,W u;

CPU Kernel = CPU;

GPU Kernel = GPU;

Data handles Kernels
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Description of the Tasks

Time Stepping

InitialCondition

CheckTimeStep

StoreU0

RKUpdate

Other

FillOverlaps

Evaporation

Drag

Positivity

Advection Update

Interpolate

Projection

InnerResiduals

BorderResiduals

Input/Output

gatherForOutput

OutputTask
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DG-P1 task diagram
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DG-P1 task diagram
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DG-P1 task diagram
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Simple Advection
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Numerical Convergence
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Parrallel efficiency

Number of Tasks Limited Cases
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Parrallel efficiency

Correct Scalling
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Parrallel efficiency

Task Over-head Limitation
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Parrallel efficiency

Efficiency
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Parrallel efficiency

Knights Landing Xeon Phi, 64 procs
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Parrallel efficiency

Efficiency
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GPU: Some tasks are faster. . .

InnerResidual

BorderResidual

Update

CheckTimeStep
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GPU: Some tasks are not!

FillOvlp S

FillOvlp N

FillOvlp E

FillOvlp W
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Scheduler Choice
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Evaporating spray: Taylor-Green vortex
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GPU Gain (6 domains, 4 CPUs, 2 GPUs)

Gant Diagram on CPUs only. Final time = 17.09s.
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GPU Gain (6 domains, 4 CPUs, 2 GPUs)

Some tasks are given to the GPUs. Final time = 10.13s.
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GPU Gain (6 domains, 4 CPUs, 2 GPUs)

Better choice of scheduler. Final time = 7.96s.
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Future Work

MPI Extension

Arbitrary High Order DG

Look at other frameworks (Kokkos, DAGuE, ORCCA, . . . )

Integration within Aerosol
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