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Abstract: We report on the results of research being conducted in the framework of the Special
Committee on Space Environment Utilization Frontloading Research for FY2022. In particular,
we present a preliminary report on a microgravity experiment using an aircraft scheduled to be
conducted from December 12-20, 2022. Ice is heated and sublimated in buffer gas. As the vapor
cools, it becomes highly supersaturated and forms nanoparticles via nucleation. At this time,
precursors may form prior to the formation of the stable phase of ice. A series of processes are
observed in situ by interferometry and infrared spectroscopy to get a closer look at the nucleation
process.
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2. EBRAE Fig. 1. Nucleation chambers for low temperature

K DA R EBR 2 MiZE s CHEIMT 572912, /M experiments (80 mm in diameter and ~180 mm in length)
DARIRAH DA T = =% L7z (1) . I&  developed for microgravity experiments using an aircraft.
BAOEARKRT = > 3—1%, FWERH 2 &, /R9 A, For interference experiments. B. For infrared
PRI 2 B0 4 BEHBE L, FUWEHHIZIX,  experiments.



Fig. 2.
nucleation chamber. The evaporation source is a SUS

Cross-sectional view of the low-temperature

tube with 200 um diameter holes on its four surfaces at 5
mm intervals. Ice prepared in it was heated and
evaporated in microgravity obtained by aircraft. The cold
reservoir was filled with a refrigerant with a melting point
of -51°C to cool the chamber and the evaporation source
and argon gas introduced as a buffer gas.

Experimental eqpment installed on the

Fig. 3.
aircraft. A. Double-wavelength Mach-Zehnder type

laser interferometer and low-temperature nucleation
chamber (white arrow). B. Infrared spectrometer and
low-temperature nucleation chamber (white arrow).
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Fig. 4. Example of data obtained from a microgravity
experiment using a low-temperature nucleation chamber.
A. Temperature of argon gas sealed in the chamber
measured using a platinum resistance thermometer (1 mm
in diameter and 5 mm in length). 1 V in Trigger indicates
the microgravity environment. B. Pressure of argon gas
sealed in the chamber and the voltage applied to the
evaporation source.
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Fig. 5.
ice nanoparticles from water vapor in a microgravity

In-situ observation of the nucleation process of

environment using the interferometer. A. Before heating.
White arrows indicate the evaporation source. B. During
heating. C. Just before nucleation. D. After nucleation.
Black arrow indicates smoke composed of nucleated H,O
particles.

[RAR IR 2R R R 2 AR AN 0 S BE 51 C 2 o 355+l
L7=fERD 1 81% X 6 17T, X 6A ITKIEAZERKT
== EHIZEY i 57z ICF34 B2 —R—
N DRI CHIZR LTk T2 d, 2838 AT
(ZIEEE 20 mm FRE DARIMED A 0> B 2T A D2 Tids
WLTWD, BEFNPSANEET S L. FIC
3000-3500 cm™! DARIMRZ R W T %, X 6B 13K
20°C OT NI I AR TERREIT - 2B ORI
W AT R VBREE DIFZ L TH 5, 20-30 Fhd &

ZAT, ORISR G, TEBEYICKBETL
722 EDnD,

KA RIE A VTR AR D K /™5 ~3300 em! (25
WIS BL B 40, £ 6 FR £ I, KISk 5 ~3150
em! DRI ATR L 72 572, B 10 nm DK OFE i
LI 1X-60~-40°C FRIEECTH D EEbhTnb, =
Txr LT, REBROEARRIEE 1T 15°C TH D,
BERERZRIID 7 TAX—HY A X THDHDOT, 10
nm XV H/hEL FlAITE VIRV ERTFREND,
Tebb, ARIOERTIE, BAERERIZIENE T,
ZDH%HD 6 HE TR FIIME L, S HIChif[FLo
AERREBEZ o TREL 2D Z & TN EH L,
KR ~EEBLTZEEZOND, T, kEK
D6 DKL DI RIS BB O R A BB FR & #% T
HZLERBLTWD, M b TIIEEESTORE
T, B LTBENPVKARITI ER L, TG
FICHN BT WT LT HAORENREL B,
Fx DFEBRSEAETIX, ZDORNREOHEIL 10-20 cm s
THHIERHOLNTWVWS, ZOXMDOAEIC, HiE
FERCIXFERIEE 2 T LT H AR DRI A
N7 MVERIEHRD DX | BREENRATH D,
1 E LR CIIOKICEE R 9% ~3300 cm™ ORI A &
NH—HT, KICERT 2WINTE ST,
KEBRMNS . D7 &b 10 RLEITRAE AL |
NERET D ENEEN, MIERERDBLATH
DTNy, Elo, RERIICITEH= 7> &
HAWT, K0HERBRECERHAOBIZEZITH) Z &
T, X VAR EN D E SN D,

Absorbance

" Wavenumber (am 1)
Fig. 6. In-situ measurement experiment using the
infrared spectrometer. A. View from the ICF34 viewport
above the low-temperature nucleation chamber (90
degrees from the evaporation source). B. Infrared

absorption intensity measured in-situ.
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