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Abstract

An equation of motion to describe the water penetration through a textile is derived on the basis of Darcy's law of
fluid flow through general porous media. Experiments revealed that the process of fluid penetration seems to be
composed of a few partial modes each of which this equation could describe, though not the whole process. As the
authors reported earlier, a similar multimodality of process is found in the retardation-time spectrum; the spectrum is
abstracted from the weight-time curve of absorbed water being led by the idea that the process may be assumed as a
kind of retardation phenomenon such as the creep of a viscoelastic material put under a load. Identifying these two
multimodalities with the aid of the equation of penetration gives a clue to clarify what kinds of flow paths play

typical roles when a textile absorbs water.
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Table 1 Elemental properties of the specimen textiles.

. . Density/cm | Thickness
Material Specimen Yarn A B (mm)
CTTNO 40/1 30 | 56 0.260
Cotton CTTNI 40/1 15 56 0.200
CTTN2 40/1 7.5 | 56 0.196
Glass GLSSF | 2/26(A), 1/26(B) | 23 | 23 0.095
Vinylidene* | VNLDN 900d/30f 13 18 0.423

A: Parallel to the water flow. B: Perpendicular to the water flow.
* Polyvinylidene chloride.
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Fig. 1 Dynamics of water flow through a textile.
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Fig.2 Comparing the absorption behavior observed with that
predicted by the basic equation.
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Fig. 3 Comparing the retardation spectra observed with those
derived from their multimodal approximations.
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Table 2 Estimated mode parameters of GLSSF, CTTNO,

and VNLDN.
Specimen | m* (g) | ¥, (%) | v, (%) | w3 (%) | T, (s)| T, (s) 75 () <r1>
GLSSF® | 0.72 79.2 20.8 10.5 | 54.0x10° 3.66% 107
CTTNO 1.08 62.9 24.1 13.0 | 678 [2.04X10° [ 0.94x10° | 1.44x10°
VNLDN | 0.78 70.5 16.7 128 | 67.9 |2.43X10° | 0.96X10° | 1.09%10°

(*) Dimodal analysis.

Table 3 Estimated trimodal parameters for the three cotton
specimens of different densities.

Specimen | m* (g) | v, () | v, (%) | w5 (%) | 7, (5)| 7, (s) 50 <r2>

CTTNO 1.08 62.9 24.1 13.0 | 6.78 |2.04X10° | 0.940X10° | 1.44X10°
CTTNI 1.20 75.0 14.2 10.8 1.80 | 1.77X10° | 0.81410° | 0.40% 107
CTTN2 1.14 73.7 15.8 105 | 3.95 [2.12X10° [ 1.48 X10° | 0.82X10”
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Flow Path [ T S k

G, L S S L

G, M M L M

G, S L M S

L: Larger than the other two groups.
M: Medium of the three groups.
S: Smaller than the other two groups.
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5N5. L, T—F RS2 7 ERAOWE & OBER% RE
25z eilaiuE, oS G A) OWFIEEHRS -2 D
WO 5139 THAH. 2F D, Washburn D 2 & &
HODOFBRRETECICHZE LAY BRICHL LS. W
FZRBAET AERICHET HI21E, FOZEICELEEDY
TR BB IE LB L I B 9. 72 213, #RY kol
RO RERED LD O BTSSRI 22U A%E ) L 9 2 —
OB OWTHARL Z AR T NS,

F 72, PR L2BE TN~ DR EITEZEE L T
Vo L72hSo T, BB CLRARHE IR B ORI 2 FZ M B i
W EIZOWTIRERTE RV, b LHHENR S E Ol
TR SNE X9 Rl TH - T, ZNIMHERIE
FBEOMERE +—F—IZE, L ERIC L B KOM%
BHADLBEOLEZ O THWULE, BIELAXRY MV ETE
OHEHEDPHERTE LMD 5. Lo L, HENIRE L
EHFRFENTIE R L, WHTERLTH AR . &
T, FOMITIFIREIIIE U TR BMICEKE S 20T
e, BROVEFRIEET LR, LadoT, &
AR MW= %2 b 726372 Ea0vord s
W, COMELEHE Y ELREFPELE LTHERINTVAS,

[fE1] AXRZ Mly(nn) & E— FOFGKy ldthZh
ROBIREACSKAF 2 Wi 727 .

["ynndnn =1; Tyi=1.
k

F72, AR PVOgGE, G2 oN72BEm oL
TRUOEW 72T w(nn) i, &1 XKEPTEIRTRDO LN
5[14].

1 dm(1)

l//(ll’lT) = W m .
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FE2] XM ZeTHRLARIZBWT, A%z e=e'e™
&L, Aill%kg=1-27 OREMBUTEMT S &,

ORI RO % e DREPHOTETERD S &,
_ 2 3 3, ...

g—£+8+75+

‘a"&b%’

1 _ 3 _uen
_zer/(r*IZ)+ . er/(r/,)_{___..
z e e 2e

(GE3] ATITM LW EE L v & &, R D iEkEEd
WAL TWbAZ e, HHwIE, HEOERIBET
ELZLOVTFRHBEEL TRV, BEROPISHEIC
BIZHCHRET 5 L) o rd b2 L, 2%, ih
DO & OMEMEH 2 BT UL, 5D F 2 ¥
THE S N7z —D BB A TRAEIRHBTE S L9 &
BRI DH B, LVIERTIDL ) RRBAZHTWAS.
(FE4] BFEIZ, ROKETEL L5 T2 5 B
ki L7z —AROWNEIEE T 5D Tld v, 5 b itk
Md B VIR oG (RiE) ICHRT 200, B8
W L7222 52 L3 TE RV, Koo, 40k
L BIEROFEGIZHUB T KON D720 TH 6
HAE LTS L) ITRBAL TN DIZT E R\,

[R5 ] ZB)E= (GAfli-feMi) « P31
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