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Water movement in experimentally-modeled soil void spaces under
microgravity
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Abstract

Plant growth system for crop production under microgravity is part of a life supporting system designed for long-duration
space missions. Plant growth in soil in space requires the understanding of water movement in soil void spaces under
microgravity. Under 1G condition, on earth, water movement is expressed with the Darcy’s law of soil physics. Under
microgravity condition, however, water movement is still not well understood. Watanabe et al. (2011) conducted parabolic flight
experiments to observe water movement in porous media. They reported that although water moved upward along the side of a
column that was filled with porous media under microgravity, water was hardly moved in the void space of glass beads. Their
results showed that more experiments on water movement in porous media are needed to observe water movement in a void
space with a smaller scale under microgravity. The objectives of this study are to visualize water movement in experimentally-

modeled soil void spaces under microgravity.
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Fig. 1 A picture of round-bottomed glass flask
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Fig. 4 A picture of experimentally-modeled soil
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Fig. 2 Plane view of experimentally-modeled
soil particle array
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Fig. 6 Top view of experimental setup
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Fig. 8 A picture of experimental setup covered with
blackout
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Table 1 Condition of water injection during

parabolic flight

e | TR JEk & JEAHE
HRARAT KSR (sec) (mD)  (mlsec)

1 0 —

2 @ — 0 —

3 21 20 0.95

4 ® 21 42 2.00

5 21 42 2.00

6 21 35 1.67

7 10 10 1.00

8 10 22 2.20

9 ©) 10 20 2.00

10 10 15 1.50

11 10 20 2.00
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Table 2. Evaluation of liquid state
RIS R ENEC) SENERIE R ZERE
TFHh—BFRKBEE 22.75 14 0.242
I KBIR 17.62 19 0.284
FREK 47.08 9 0.086
RIEE FE5EH (N/m) FEsR ABIE S
T B FRKEE 0.062 4
BWILKAR 0.037 3
REK 0.075 4
RIEE #5FE (Pa+s) FhERIE SR
T B FRKEE 0.0010 4
BWILKAR 0.0014 3
KK 0.0010 4
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Tig. 9 A picture on condition that (a) no water
injected, (b) water injected from beginning to end, (c)
water injected for 10 seconds from beginning during

microgravity
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Fig. 10 A schematic drawing aqueous solution

distribution sharped like liquid bridge

Fig. 11 A picture under 1G
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Fig. 12 Alteration of aqueous solution
temperature, inboard temperature and aqueous
solution viscosity during parabolic flight
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Fig. 13 Measured area of moisture distribution and gravitational acceleration during microgravity on

condition that (a, b) water injected from beginning to end of microgravity and (c, d) water injected for 10

seconds from beginning during microgravity. Water injection rate is 2.0ml/sec in (a), 1.6ml/sec in (b), 1.0ml/sec

in (¢), and 2.0ml/sec in (d).
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T 1 FhHEAERR

FFHh—BFRKER HAKBER FEEBIK
BIER BHHERE (mm) | AIFEH REHEE (mm) | BIEH BEEE (mm)

1 522 1 6.09 1 428
2 554 2 6.26 2 414
3 522 3 6.03 3 415
4 554 4 6.01 4 425
5 5387 5 5.84 5 445
6 527 6 6.53 6 429
7 5.44 7 563 7 428
8 5387 8 5.89 8 421
9 58 9 579 9 424
10 591 10 591
11 5.85 11 6.04
12 5.42 12 5.68
13 572 13 65
14 563 14 6.48

15 6.52

16 6.41

17 6.34

18 595

19 6.22
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