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Capillary Rise under Microgravity in Variously-Shaped Capillary Glass Tubes

Yuichi MARUO?, Naoto SATO?! and Kosuke NOBORIOZ

Abstract

Water movement plays an important role to grow crops under microgravity. Previous research reported that water hardly
moved in porous media whereas water in capillary tubes rose to the top of the tubes under microgravity. Another study
reported that water hardly moved on concave surfaces under microgravity. Our objective of this study was to evaluate the
effects of surface shape and junction of capillary tubes on water movement driven by the capillary force under microgravity.
We used several shapes of tube (straight, concave-convex, wide-narrow, narrow-wide, Y-shaped, T-shaped and spiral) and
observed water movement in the tubes during drop—tower induced microgravity. Water in concave—convex, wide—narrow tubes
moved beyond concave and convex surfaces under microgravity. Water in narrow—wide tubes, however, stopped on their
concave surfaces. In the Y- and T-shaped glass tubes, water movement was restricted after the junction of glass tubes by

viscous force.
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Fig.1 Diagrams of a) capillary tube used in Sato
et al. 9 and b) soil ¢) difficulty of water
movement, and convex surfaces under

microgravity.
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Fig. 2 Experimental apparatus for capillary rise.
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Fig. 3 Shapes and inner diameters of straight and
bumpy glass tubes.
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Fig. 4 Shapes and inner diameters of Y- and T-
shaped glass tubes.

Fig. 5 Shape and inner diameter of the spiral glass
tube.
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Fig. 6 Water movement in a) straight, b) concave-
convex, c¢) wide-narrow, and narrow-wide
tubes under microgravity. vis the velocity of

water flow (cm s0).
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Fig. 7 Magnified figure of the water movement on
the top of ¢ 2.3 mm straight tube (Fig. 6 a))
that water oscillation was observed.

3602064



A2

K—HMETIIH 7 AE ORI/ NI Az T20b, 0.28 7/
KO EFFEEIMET Lz (Fig. 6¢). E72fl— K& i3k
EEIZRBWTAD EHMEIE L. (Fig. 6¢). #a/aBicdks
T 5RO EREEOIKT & HEEEHIZH T 5 KOEIEDR
RIZHOW T TR AL T2, Fig. 8 ICK—HI%, #i—
KENOKEBIOEAXZ R L2, EHbLOTT7AET
BEEREAICB VT, ¢2.3mm, ¢9.7-5.5 mm DETH
SNTIRENEZ o7 £ B BND. K—ME CIHIEEN
2 S 7ZBRICKERARH L, ¢ 0.8 mm OEFBEfili 5
ZENTES (Fig.8a). Lo LMY 2z 72K o
LHEEIRERNEMICIRE - 2 LI X D RERD
HRIZE->TETT 2. 725 &BEOHENERLAKE T HKE A
WET2LBx015. KENEE L THDHE, Ko
HA TICEWTWAEAICIT B E oRmEHD, Licm
WTWDHAITIE TRE ORERIIB DD T8, Kk
INIKEOBRENZ B E VG L2V, ZORER, K—ME
TIHEESE 22 %, EEILE D £ TOR 0.3 BPRIK
HOBEFEENME T LI-EEx 612 (Fig.6¢c). —7F,
H— KA ClIKEIL ¢ 2.3 mm OFBEBEIZ Ml 25 Z & 28
TE ol THREIND (Fig. 8b). HM— K& Tl
O IR CRBEZRIHEREIE MR TRV T, KO EFMEIR
Li=EEz26N5.

a) Wide-Narrow b) Narrow-Wide

Bounce

Wetting

¢ 2.3 mm
front

Fig. 8 Water movement on sharp a) convex and b)
concave surfaces were assumed from the
experimental results.
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a) Widening and b) narrowing spaces
between soil particles.
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Fig. 10 Water infiltration in a) Y (small) shaped
tube, b) Y (large) shaped tube, and ¢) T
shaped tube under microgravity. v is the
velocity of water infiltration (cm s1).
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Fig. 11 Water movement in the straight tube (¢ 2.3 mm) and in the spiral tube (¢ 2.3 mm).
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