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Abst ract : An important p roperty of moist ure absorption and

sweat discharge yarns is t heir water t ransport p roperty. In

t he p aper , two water t ransport models of mois t ure

absorption and sweat discharge yarns were developed to

inves tigate t he influence f actors on t heir wicking rate . In

p arallel Column Pores Model , wicking rate is determined by

t he equivalent capilla ry radius R and lengt h of t he capilla ry

t ube L . In Pellets Accumulation Model , wicking rate is

decided by t he capilla ry radius r and lengt h of t he fiber unit

assemble L 0 .
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Int roduction

The water t ransp ort p roperty is one of t he key f act ors

by w hich is inf luencing t he comf ort p rop erty of garments .

Diff e rential capillary eff ect f abrics were f irst developed by

an A merican scientist .

Diff e rential capillary eff ect f abrics were also develop ed in

J ap an , w hich were used t o design f amous sp ortswear , such

as Adidas , Nike . The capilla ry action model was developed

by Wang [1 ] t o describe t he inf luence f act ors . A kind of

water t ransp ort model f or knit ted f abrics was developed by

Meng [ 2 ] . In t he mean time , wicking rate met hod and

vertical wate r absorp tion met hod were op timized.

All t he above researchers and scientists f ocus on f abric

models and t here are still f ew models on yarn . In t his

p ap er , two yarn models on water t ransp ort p roperty were

develop ed t o investigate inf luence f act ors on wicking rate .

1 Parallel Column Pores Model

Capilla ry action is a p hysical eff ect caused by t he

interactions of a liquid wit h t he walls of a t hin tube . The

capilla ry eff ect is a f unction of t he ability of t he liquid t o

wet a p articula r material [ 3 ].

The capilla ry eff ect was usually taken place in liquids ,

such as water (sweat is nearly a kind of water) , which is

ubiquit ous and cap able of st rong surf ace inte ractions .

Water climbs up a capillary tube because of t he st rong

hydrogen2bonding inte ractions between t he water and t he

air at t he surf ace of t he tube . The energetic gain f rom t he

new intermolecula r inte ractions must be balanced against

gravity , w hich at temp ts t o p ull t he liquid back dow n. The

nar rower t he diameter of a tube , t he higher t he liquid will

climb ; clearly , a nar row column of liquid weighs less t han a

t hick one . The p ressure in t he capilla ry can be dete rmined

by Young2L aplace equation [ 4 ] :

P =
2σ
R

cosθ (1)

w here , P is t he p ressure in t he capillary ( Pa ) ; σ is t he

surf ace tension of t he water ( N/ m ) ; R is t he equivalent

capilla ry radius of f iber ( m) ; θ is t he contact angle at t he

liquid2solid2air interf ace (°) .

When p rofiled f iber (i . e . t he shap e of t he f iber cross

section is like “ + ”, “Y”) was used t o spin moisture

absorp tion and sweat discharge yarn , t he Parallel Column

Pores Model can be adop ted t o describe t he yarn st ructure ,

as show n in Fig. 1 .

Fig 1 Profiled fiber and Parallel Column Pores Model

1. 1 Conditions of capillary action
Assump tion : t he diameters of all tubes are t he same ;

t he water is a kind of distilled water ; t here is no
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temperature change and p hase change during t he

t ransp ortation p rocess .

According to the Young2L aplace equation , when the extra

pressure on the capillary is greater than or equal to the gravity

produced by the liquid in the capillary , the liquid will rise up

and then capillary action happens. That is :

2σcosθ
r

πR2 -πR2 hρg ≥0 (2)

w here h , height of t he capillary action ( m ) ; g , t he

accele ration of gravity ( m/ s2 ) ;ρ, t he liquid density ( kg/

m3 ) ;

The height of t he capilla ry action can be deduced f rom

t he Eq. (2)

h ≤
2σcosθ
ρg R

(3)

It can be seen f rom t he Eq. (3) t hat w henθ, s , andρ

are constants , h is decided only by t he equivalent radius of

t he capilla ry R. Consequently , in order t o f ind a kind of

nice water t ransp ort p rop erty material , t he equivalent

radius of t he f iber should be as small as p ossible .

1. 2 Wicking rate
The height of capillary action per minute can be used

t o symbolize t he wicking rate v ( cm/ min ) , and t he

wicking rate v is given as [ 5 ] :

v =
h

t
(4)

w here , t is wicking time ( min) .

It is know n t hat water is a kind of Newt onian fluid.

Theref ore , according t o t he Hagen2Poiseuille equation [6 ] ,

t he equation def ines t he f low t hrough a tube and how t his

f low is aff ected by t he at t ributes of t he tube ; t he lengt h

and radius , and t he at t ributes of t he f luid ; t he viscosity.

The Hagen2Poiseuille equation can be exp ressed as f ollows :

Q = k
πR4 P

L
(5)

w here , Q is t he f low volume (L / s) ; k is a constant , w hich

is related t o t he liquid viscosity η; L is t he lengt h of t he

capillary tube (m) .

O n t he ot her hand , Eq. (5) can be also writ ten as

Q =
πR4 P

8ηL
(6)

w here , η is t he liquid shear viscosity ( Pa ·s) .

Substituting Eq. (1) int o Eq. (6) , t he f low volume Q

can be exp ressed , in p rinciple , by t he equation

Q =
πR3σcosθ

4ηL
(7)

As a result , wicking rate can be given by

v =
d h

d t
=

Q

πr2 =
Rσcosθ

4ηL
(8)

It can be seen f rom Eq. (8) t hat t he wicking rate of

t he f iber assembles is decided by t he lengt h of t he capilla ry

tube L and t he equivalent radius of t he capilla ry tube R

(w hen θand σare constants) .

2 Pelle t s Accumulation Model

In Pellets Accumulation Model , it was assumed t hat

t he shap es of cross2section of all t he f ibers are ci rcula r and

t hose f ibers are tightly accumulated. The descrip tion of

model is show n in Fig. 2.

Fig 2 Pellets Accumulation Model

Single f iber unit model and fiber assemble unit model

were developed. The two unit models are show n in Fig. 3

respectively.

Fig 3 Single f iber unit model and fiber assemble unit model

Assumption : The f ibers in f iber assemble unit model

are p arallel t o each ot her and t here is no yarn twist in f iber

assemble model . In single f iber unit model , two cente rs of

cross section A and B were chosen randomly , and linear

distance of sides AB is L ( m ) ; t he sp aces among t hese

f ibers were seemed as capilla ry intersp aces [7 ] ; All t he single

f ibers were rigid f ibers , w hich insures t he cross section

shap e of all t he f ibers cannot be changed w hen t he f iber

assemble was in a large st ress . The p ores among the fibers

are the main tunnels to t ransp ort liquid water , and all the

fibers are circular fibers and those fibers were arranged as

shown in Fig. 3. It was assumed that the spacing sections

among fibers are the same triangles. The radius of all the fibers

is the same. It can be easily deduced that the number of

t riangles equals the number of fibers around one core fiber.

Each of the t riangle area S can be defined as

S = 3 r2 -
π
2

r2≈0. 16 r2 (9)

And the equivalent radius R of each triangle can be

exp ressed as

R =
S

P
≈0 . 057 r (10)
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The Pellets Accumulation Model can be seen as a kind

of p orous media , according t o Darcyπs L aw [8 ] ,

q = - K·
P

L 0

(11)

w here , q is t he volume f lux in t he f low direction ( m3 /

min) , P is t he capilla ry p ressure ( Pa) and L 0 is t he lengt h

of f iber unit assemble ( m) , K t he p rop ortionality constant ,

is t he f low conductivity of t he p orous media wit h respect t o

t he f luid. The higher t he value of K, t he lower t he f low

resistance of t he f luid , and vice versa .

K is of ten def ined as k/η, w here k is t he p ermeability

of t he medium , and ηis t he f luid viscosity. Then Eq. (11)

can be writ ten as

q = -
k

η
·

P

L 0

(12)

The wicking rate of t he Pellets Accumulation Model

can be exp ressed as

v =
q

S
(13)

Then substituting Eq. ( 1) , Eq. ( 9) , Eq. ( 10 ) and

Eq. (12) int o Eq. (13) , one can obtain

v = - 219. 3 k
σcosθ

η·L 0 ·r3
(14)

It can be seen f rom Eq. (14) t hat w henθ, S , k andη

are constants ( t he same f iber and liquid) , t he wicking rate

is determined by t he lengt h of f iber unit assemble L 0 and

t he capilla ry radius r .

Generally speaking , t he p ermeability k can be

measured by experimental and capillary radius r can be

calculated. Consequently , diff erent lengt h of f ibers unit

assemble can be used t o p redict wicking rate of yarns .

3 Conclusions

In t he p ap er , tw o water t ransp ort mat hematical

models of moisture absorp tion and sweat discharge yarns

have been developed. The inf luence f actors on wicking

rate were also discussed. In p arallel Column Pores M odel ,

w hen t he θ, ρ, s and g are constants , t he wicking rate is

decided by t he equivalent capilla ry radius R and lengt h of

t he capilla ry tube L . In Pellets Accumulation M odel , w hen

θ, s , k and η are constants , t he wicking rate is

dete rmined by t he capilla ry radius r and lengt h of t he f iber

unit assemble L 0 .
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