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Dimensional Growth Rate Time Series Measurements of Cirrus-like Ice Crystals
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Background: Experients: |

«Clouds: large uncertainty in climate models Substrate Crystal Imaging (SCI) chamber IR 1‘
top entry port wel [
«Cold clouds: cover ~1/3 of Earth Grow ice from fiberglass (plugged) ™/
«Frozen pure water — vapor deposition PHE JNe o
«Cloud ice: diverse shapes and growth rates « Unimpeded vapor diffusion —] ]—l
-Primary growth mode at cirrus temperatures rine Fyerdog
is unknown | | - Stable conditions G "“‘“\\. ﬁ. | =191 cm
«Fundamental growth rate time series - Temperature (T) -66.9 to -46.1 °C RS spport .. —glass fiber | I | plate separation
measurements are lacking .S rat 27 7 t0 80.4% Delrin ring ——— - = 1.27 cm
-Models typically treat ice with constant upersaturation (s;) 27.7 10 80.4% e B | T
shapes, often spherical, using capacitance coolant flow
theory « Growth observed at two orthogonal angles —
. Assumptions about ice shape influence «High-resolution images /l' 3
simulated precipitation and radiation | «Regular intervals for growth time series thermocoiple  bottom entry port
piugg
Example: | d) _wf s
I'=-59.9 °C; s;=60.9% 4 I
| «Views perpendicular to (a, b, c) | _
and along (d, e, f) the substrate t=15 min £
.Red Ilne - 100 IJm coosttett .":0.““
-Data for crystal indicated by white arrow _ time (s)
g(’ .. ii
« About an hour of growth... | sl Mg
«c- and a-dimensional growth rates asymptote T = 30 min Sowo{ R
— Aspect ratio (¢/a) approaches a constant t = 205 min t = 205 min E Rt R
time (s)
Trends: Theory:
o [ypically columnar crystals . - «How does the ratio of the dimensional growth
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rates (dc/da) compare to the mean aspect ratio

eSome planar polycrystals as T — -40 °C
after an hour?
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Aspect ratios asymptote often by ~1 hr of growth (blue curves) 1o
«Occasional faceting instabilities

«Data: linear relationship (almost 1:1)
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-Basal facet hollowing is common Em_ 1“: Capacitance: fixed at initial dc/da
. 3 » Adaptive habit (CL94): dc/da always increases
ml l S *5 1 «Step nucleation by facet edges: — 1:1
5.0 - _ a |
1 _ - oy =— ——— o Most data -
o a) R2= 0.597 b) R2= 0.766 c) R?= 0.332 5 5 | : | | | | | | : fO"OWS facet a) R?2 = 0.987
g 10 - . 0 2500 5000 zi_ﬁr{:le 12()300 12500 15000 17500 growth theory 20 _
T - T Asymptotic values of growth rates relation to 7 and s.... y -f(;‘isé?;\évlth :g
~ | @ R?= o091 &) R?= 0827 ) R2= 0726 [linear fits (green lines) through s-binned means (purple points)] | instabilities
52\ '\\ | coeiey’ » da/dt decreases with T, but dc/dt is insensitive ~ follow adaptive
2o ' — Increases aspect ratio with T e habit model
» 5; correlates with dc/dt, negatively with da/dt 0 5 10 15
N I N e . - Related to basal facet instabilities aspect ratio
- | | — Increases aspect ratio with s, ey
£, | % | | Thank you to the National Science |
; S A :TB,U ‘o':::) -Note: supersaturation ratio = si/ liquid-equilibrium value of s; - Foundation for funding this research with

. rant #AGS-21283.
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