
•  DEvice'for'the'study'of'Cri2cal'LIquids'and'Crystalliza2on'(DECLIC)'
o  Microgravity'onboard'the'Interna2onal'Space'Sta2on'
o  Direc2onal'Solidifica2on'Insert'

•  In'situ'observa2on'of'SCNCCamphor'alloy'
o  Oscillatory'behavior'of'en2re'cellular'arrays'
o  Phase'coherence'only'in'ordered'regions'

⇒  Localized'breathing'mode'oscilla2ons'
o  Tip'spliHng'instabili2es'prevent'global'order'
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!  Solidifica2on'microstructures'crucial'to'metallurgical'R&D'
!  Exis2ng'quan2ta2ve'crystal'growth'phaseCfield'(PF)'model'[1]'

!  Emerging'highlyCparallel'calcula2on'architectures'(GPUs)'
⇒  Objec6ve:'Implement'a'computa6onally'efficient'PF'code''

of'crystal'growth'capable'of'quan6ta6ve'predic6on,'and''
use'it'extensively'to'study'complex'solidifica6on'scenarios'

•  Approach:'Systema6c'quan6ta6ve'comparisons'with''
state<of<the<art'well<controlled'experiments'and'literature'

'

'

! PhaseCField'model'parallel'implementa2on'on'GPUs''
⇒'Quan2ta2ve'predic2ons'at'the'scale'of'experiments'

•  Cellular'oscilla2ons'in'3D'more'complex'than'quasiC2D'
experiments:'Long'range'coherence'linked'to'spa2al'order'

•  Stochas2c'selec2on'of'dendri2c'GB'orienta2on'in'polycrystals'
•  Outlook: '<'Dendri6c'regime'in'microgravity'experiments'

'<'Dendri6c'growth'compe66on'in'3D''
'<'Effect'of'convec6on'on'microstructure'selec6on'

•  Quan2ta2ve'model'for'dilute'binary'alloy'direc2onal'solidifica2on'[1]'''
•  Graphic'Processing'Units'(GPU)'massively'parallel'implementa2on'

R.'Trivedi'
N.'Bergeon,'B.'Billia,''
L.'Chen,'A.'Ramirez,''
J.CM.'Debierre,'R.'Guérin'

Oscilla'on*period*
Experiment:*τ*≈*46*min*
Simula'on:*τ*≈*48*min*
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Collaborators:'

•  Computa2onally'intensive'study'of'a'biCcrystal'SCNCacetone'alloy'
o  Influence'of'the'temperature'gradient'and'crystal'orienta6on'

•  Quan2ta2ve'comparison'to'experimental'values'and'scaling'laws'
o  Selec6on'of'primary'spacing'and'dendrite'growth'direc6on'

•  Microscopic'thermal'fluctua2ons'at'the'origin'of'sidebranching'
cri2cally'influences'the'macroscopic'grain'boundary'orienta2ons'

•  Grain'elimina2on'rate'is'not'monotonic'with'crystal'misorienta2on'
•  Spacing'selected'by'branching'>'spacing'aaer'planar'destabiliza2on'

Phase;field'simulaBon'

Microgravity'experiment'

Phase;field'simulaBon'

DirecBonal'solidificaBon'experiment''[5]'

•  XCray'imaging'of'thin'sample'AlCCu'direc2onal'solidifica2on'
o  Measure'of'dendri2c'2p'radius'at'different'growth'veloci2es'

DirecBonal'solidificaBon'experiment'

Collaborators:'' ''
A.'Clarke,'P.'Gibbs,'S.'Imhoff'

SelecBon'of'primary'Bp'radius'

DirecBonal'solidificaBon'Phase;field'precondiBoning''[2]'

Binary'alloy'

Model'equaBons'

Solute supersaturation, U

and c0l , k, eD,

e�, eVp and

elT are alloy/process/computational parameters.
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SCN<0.24wt%Camphor,'G=28K/cm,'V=1μm/s'

SelecBon'of'primary'spacing'

SelecBon'of''
growth'direcBon'

Misoriented'grain'
eliminaBon'rate'

SCN<0.4wt%Acetone,'G'='10<300'K/cm,'V'='25'μm/s'
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Experiments[5]:

PF simulations:

G = 30 K/cm

Scaling law
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Experiments:

PF simulations:

Scaling law[5]

Esaka[6]

Phase;field'simulaBon'
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where the supersaturation derives from the solute concentration, c, as
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Péclet number Pe = �V/(2D)

Experiments/Theory[7]:

PF simulations:

�/�0 = 1-1/{1+f(�0)Peg}
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Al<1.4wt%Cu,'G'='80'K/cm,'V'≈'40<50'μm/s'

Preconditioned phase-field  


