Sandia National Laboratories

Real-time latent heat emission during dynamic-compression freezing of water

Erin J. Nissen', Daniel H. Dolan', Brandon M. La Lone?, Jason G. Mance?, and Eric Larson?
'Sandia National Laboratories, & *NNSS’s Special Technologies Laboratory

Motivation Background: Homogeneous Nucleation Does Dynamically Compressed Water have to be
: ' ?
Advanced knowledge on the mechanism Velocimetry Transmission Loss Imaging Completely Frozen to be Optically Transparent
of freezing during isentropic compression ———————— 50 ,
is important for our nation’s understanding 250 - T 8.4 GPa -~ rotar = NCoea®( )4
of materials in extreme conditions. Water | | @200 -  — § 0.8 Ehel () = (- 4
is one of the few materials known to 2150 - £ 0.6 £30] P 1+4,+4,7 -4+
freeze on nan nd tim | rin = 100 . ® = .
eeze on nanosecond timescaies during | | 5 100 5 04 3 20 As the concentration of scatters
dynamic compression, and thus has been | | ¢ 5 - = 02 Ic . h i
used to design classic nucleation theory | & ] 8.4 GPa B = mi NETEases, Tets are more SEatteing
(CNT) based models. We performed the 0 200 400 600 800 1000 © 0 200 400 600 800 0 events, but also more destructive
first temperature measurements to better Time (ns) Time (ns) o mterfqence. The maximum total
constrain those models. | | ncoherent  Coherent scattering occurs around 13% and
o PreSSU re & Temperatu re VS. Tlme PrOfIIeS Scattermg Scattermg decreases beyOnd thIS ConcentratIOn
700 [ - 4.7 GPa 7.5 GPa , 12 GPa . ceev, 0 :
os0 |- °[(1) - _——J 500 ?_(4) T a0 [6) T ;gg HL'.” E .:i 17 volume ice
_ 4] 6 600 12| g L O "ol i > 2000 scatters
o % | . o | €«— | l550 107 |7 o in a 500 nm cube
g 50 Velt line ! 23 450 i: 500 8F ggg 2 Reduces Appears
500 T '_ ? 2| 3! 1450 O l500 @ Optical Transparent  *A similar argument explains transparency of the
450 | s e : £ i 1400 51 1400 41 1450 & Transparency mammalian cornea and lens*
200 |- Metastable ) J_[ 11 1350 21 la00 ©
s - o UL 350 0 300 0 350
350 e 100 200 500 800 1100 1400 -100 200 500 800 1100 1400 -100 200 500 800 1100 1400 Eut P & Ref
Pressure (GPa) Time (ns) Time (ns) Time (ns) uture rFlans ererences
E.J. Nissen, B.M. La Lone, J.G. Mance, E. Larson, and D.H. Dolan,
Experimental Configuration Phase Diagram for Water with Measured P-T States Communication Physics, 6, 156 (2023).
i - 750 ————— Measured P-T states Explore pressure & temperature of heavy water — does heavy
' e 700} (green circles) compared to | | water completely freeze, why? 750 T
‘ 650 | o three calculated isentropic 997 Liquid s
~g00}  Liquid compression paths, the LDRD on pressure shear plate  <°°| Al g
- S el dual-temperature model | | impact (PSPI) of water and 9-’:22 N T centrone
OR e . . : 2550 |
T mixed phase g 500 | melt line derived from coupling CNT | | heavy water — can PSPI define S ol Melt lines P
ATy g o and growth with phase changes? S ool
. . . )
impactor | | | - 400 + / hydrodynamic simulations, f _ =400 e H,0 —
— pca;:tm | and predicted plastic ice Devel.op Iuorescencg anisotropy .., |1/ VI ® D,0 ---
350 VI bhase from molecular technique and apply ittowater- . 6.1.1 . . . . . . . . |
s wo-—r——rH——4—4—4—4W—T4W"—"7""—""" . . can anisotropy define viscosity? 2 3 45 6 7 8 910 11 12
1 2 3 4 5 6 7 8 9 10 11 12 dynamics using Pressure (GPa)
Pressure (GPa) TIP4P/2005 models.

AEX V.S DEPARTUENT OF Sandia National Laborato a multimission laboratory managed and operated byN tional Sandia
v Technology &E ngin gS | tions of Sa d , LLC, a wholly owned subsidia v of Honeywell |
International Inc f th U.S. Department fE ergy’s National Nuclear Security Administration Natlﬂnal

A F VLY . -
TVA 4 i o o ns Laboratories




