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COOLFluiD CFD framework (Lani & Quintino 2003)

- C++ based multiphysics platform for fluid 

dynamics simulations, heavily parallelized 

- COCONUT: ideal MHD + gravity 

- Different than most state-of-art solvers:

- Unstructured grid

→ enables advanced grid refinement techniques

- Implicit scheme 

→ CFL of up to several thousands 

→ fast convergence
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?

https://github.com/andrealani/COOLFluiD/wiki
contact: andrea.lani@kuleuven.be

https://github.com/andrealani/COOLFluiD/wiki
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COCONUT: current state (verification)

COCONUT Wind-Predict COCONUT Wind-Predict
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Dipole Quadrupole

[Perri & Leitner et al., 2022]
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COCONUT: current state (results)
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[Kuzma et al., 2023]
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COCONUT: current state (performance)

- up to 35x speedup for data-driven simulations compared to state-of-art
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[Perri & Leitner et al., 2022]
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- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

COCONUT: formulation
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B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure
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COCONUT: formulation

13

B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure

- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

BC prescription



Centre for mathematical 
Plasma AstrophysicsESA Space Weather Modelling Workshop, February 28 - March 2, 2023

COCONUT: BC prescriptions

- we extent to > 21 solar radii and assume 

“lower corona” at the inner boundary

- this will be changed in the future 

iteration in which the transition region 

will be included

- we prescribe a magnetic 

field on the surface based 

on the observed solar

magnetograms
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~ 1 solar radius, ~ 1.67e-13 kg/m3, ~ 1.5e6 K
[Brchnelova et al., 2022]

~ 25 solar 
radii
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COCONUT: formulation
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B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure

- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations: discretisation, scheme, limiting
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COCONUT: discretisation
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COCONUT: discretisation

Azimuthal velocity component Poloidal velocity component
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[Brchnelova et al. 2022]
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COCONUT: discretisation
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[Brchnelova et al. 2022]



Centre for mathematical 
Plasma AstrophysicsESA Space Weather Modelling Workshop, February 28 - March 2, 2023

COCONUT: formulation
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B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure

- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

magnetic map type
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VSWMC & EUHFORIA (Pomoell & Poedts 2018)
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“Coronal” model “Heliospheric” model
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COCONUT: magnetic maps

- Features vary depending on the type of the 

magnetogram used: barbara.perri@kuleuven.be
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GONG-ADAPT

Diachronic

Synchronic

[Perri et al. 2023]
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COCONUT: formulation
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B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure

- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

+ ?

heating, radiation, conduction
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COCONUT: source terms

- Additional source terms:

- heating 

- radiation

- conductivity
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COCONUT: source terms

- Additional source terms:

- heating (Reville et al. 2020, Downs et al. 2010)

- radiation

- conductivity
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COCONUT: source terms
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COCONUT: source terms

- Additional source terms:

- heating (Reville et al. 2020, Downs et al. 2010)

- radiation (Rosner et al. 1978)

- conductivity

- less than 10Rsun: more than 10Rsun: 
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COCONUT: source terms

- Radiation, conductivity and heating terms: tinatin.baratashvili@kuleuven.be
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polytropic heating + radiative losses heating + radiation + conduction
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COCONUT: formulation

28

B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure

- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

time-dependent evolution
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“Coronal” model “Heliospheric” model
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COCONUT: time dependence for flux rope insertion

- To simulate coronal mass ejections 

- Flux rope insertion and propagation:

luis.linan@kuleuven.be
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COCONUT: validation
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B magnetic field
V velocity
⍴ density
t  time
ε internal energy
g  gravity
P pressure- Primitive variables: ⍴, Vx, Vy, Vz, Bx, By, Bz, ɸ, P 

- Ideal MHD equations:

vs

[NASA.gov]
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COCONUT: validation
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2019 2015

[Kuzma et al., 2023]
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tomography 
measurements

synthetic COCONUT tomography

COCONUT: validation

- B-field comparison:

- relies on very 

approximate physics

- mostly qualitative

- WLI: not so easy

- Limited to the regions 

very close to the Sun 

(2-3 solar radii)

→ use of tomography
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WLI observationsynthetic COCONUT WLI
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COCONUT: extension to lower layers

- eventual goal to extend to the transition region and chromosphere

- there, the effects of neutrals must be considered

→ development of a multi-fluid ion-neutral version

34

2016 maximum MF COCONUT ion density neutral density neutral concentration
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COCONUT: conclusions

- A promising coronal model which agrees generally well with observations

- Robust & fast enough for space weather forecasting 

- Ongoing development:

- CME (flux rope) time-dependent modelling

- Inclusion of more realistic physics 

- Extension to multi-fluid modelling

- Improvement of validation methods

- Open source! 
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Thank you for your 
attention!
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