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Abstract: We report on the results of the research being carried out in the framework of the Space

Environment Utilization Expert Committee Frontloading Research for the year 2023. In particular,

microgravity experiments using aircraft conducted during the 41st Deutsches Zentrum fiir Luft-
und Raumfahrt (DLR) Parabolic Flight Campaign in Bordeaux in September 2023 will be
described. We performed in situ interferometric and infrared spectroscopic observations during the

formation of nanoparticles from highly supersaturated water vapor via nucleation. Since there

were significant differences between the Japanese and European aircraft experiments in terms of

resources, preparation work, and flight details, we will introduce the experimental methods and

results, as well as the preparation of the experimental apparatus.
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Fig. 1.
low-temperature
(CXR500, MiTeGen), a container for transporting
frozen samples to cool the low-temperature chamber.
B. The lid of the dry shipper (left) with a fan attached
to the underside to improve cooling efficiency, and the

Equipment for cooling the

chamber. A. Dry Shipper

jig for fixing the chamber with a low-temperature
chamber (right).
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Fig. 2. Nucleation chambers used in the aircraft
experiments. A. Low-temperature chamber. Black
and white arrows are heaters for the pressure gauge
and for the viewports, respectively. The black part at
the tip of the white arrow is a thermostat with four
resistors per heater. B. Ordinary (high-temperature)
chamber.

Fig. 3. The ground vacuum system with four

high-pressure gas cylinders.
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Fig. 4. Comparison of our onboard experimental
A. Our
experimental equipment on board the MU-300 aircraft

equipment in Japan and Europe.
used for microgravity experiments in Japan. On the
left is an interferometer and on the right is an infrared
spectrometer. B. Our experimental equipment on
boarded the Airbus A310 aircraft used for this
experiment. Both the interferometer and the infrared
spectrometer are installed in the silver box (Zarges
box) on the right.
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Fig. 5. Zarges box, an aluminum case that has
passed safety inspections of Novespace. A. With the
lid closed. The red lamps on the top and front plates
indicate laser irradiation. B. Inside the Zarges box.
The interferometer is on the left, the infrared
spectrometer is on the right, and the vertical plate

containing torque wrenches is in the center.

Fig. 6. Vibration suppression device for the
interferometer developed for this aircraft
experiment. A. Bottom plate of the vibration

suppression device. The black dampers for placing the
base plate are in slits in the bottom plate. When the
interferometer assembled on the base plate is fixed to
the bottom plate, the dampers are collapsed to allow
torque tightening. B. The middle plate on which the
interferometer is placed and the top plate on which the
control unit and other devices are placed.
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Fig. 7. Mounting arrangement for high-
temperature nucleation chambers. A and B. Exterior
and interior view of the Pelican case (The Pelican™
iM2450, Pelican Products, Inc.)

containing the high-temperature nucleation chambers,

Storm Case™,

respectively. C. Rack with control and recording
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Fig. 8. Gravity acceleration and gas temperature
in the low-temperature nucleation chamber from
the first to the 30th parabolic flight.

HEERAIToT-,

KRB EIZR > TOBIE, KIRT = N —DHEZE
PEREATO RIBAIEILICRTAT A ATEEETIHOL
Too BRTF =2 — 13, H ETENERIE L% R
D~ 7= %18 T TS (TEM) BIEH O 7)o R & EW
HL, 28R IR (FITRFE, RISz RILFZ) &AL
LT, LW Yy RE AN, BZEG| &% 7o T, #H
DEBRINF 2 THAZE AL, WATL T, ErT —&
ERFL.FTEDT — PR TETWAZLEMERL
77

5. ERER LB

Fig. 8 [Z326% 1 H H OKIRT = > —ND T AR E
EEINIMEEOT— &2 ZmRd, —RIEORZHRY v
JMAT (PF) 1Z7 A MELTEZLNTED, PF#O
NENID ECTHNTWD, Fig. 8 121X PF#1 /2 H#30
TOT— X%, SEOPFZ—8L L T6fD
WS D Z NS5, Zhit, 5O PF ZLICE
BRYE(E O 7= DK 5 53 B [EIEIX 8 43) DAKFERITD

-
L+]
n
L8]

A’ CEamEEGEE - :
38 [ {115
° J | \
% 6 F ¢ )j d 1 5
g, | B (k) | os
g mu@.nz—-w !
2 () || °
20 : 05
S 740 760 780 800 820 840
< Time [s]

B 94000 2.5
92000 } Eﬁﬂﬂﬁg(ﬁﬂ)w ]9
90000 | ' ' 15
588000 [ 1 8

£ 86000 | 0.5
84000 / o
82000 AAE (28 : 0.5
740 760 780 800 820 840
Time [s]

C -50 25
o | EHMEEGEE) |,
(%)'50 - | A 1.5
‘5-65 F . s .

5 A
g0 b — 7 105
Lk
'_-?'5 - t / {0
s L ARBRECEE)
740 760 780 800 820 840
Time [s]

Fig. 9. Examples of measured data from the first
day of the experiment, PF #4, H20 nucleation
experiment using a low-temperature nucleation
chamber. A. Applied voltage and current to the
evaporation source. B. Total pressure in the chamber.

C. Temperature of nitrogen gas in the chamber.
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Fig. 10.
experimental data by integrating four camera data

The synchronization and saving of

into one data set using a four-screen combiner.
Clockwise from top left: interference image, their real
images, a view of the cabin, and a side view inside the
low-temperature nucleation chamber in the infrared
spectroscopy experiment.
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Fig. 11.
nucleation of H2O particles. From left to right: raw

Interference images of the moment of

data, interference fringes by red laser, and interference
fringes by green laser. A. Before heating. B. Just
When
nucleation occurs and nanoparticles are formed, the

before nucleation. C. During nucleation.

laser light is scattered and the interference fringes are
disappeared.

Absorbance

4000 = 3000752000 1000
Wavenumber
Fig. 12. An example of in-situ observation of the
nucleation process using an infrared spectrometer.
As time passes, the gas evaporates, nucleation occurs,
and nanoparticles are formed, resulting in absorption
in the 3 um band (around 3000 cm ™).
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