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Introduction

The dynamic heat and moisture transmission
characteristics of clothing are extremely mportant
phenomena that control the thermo-physiological comfort
of a person |[ref. 1-3]. Heat and moisture absorption In
hygroscopic materials are inseparably interrelated (fig. 1).
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Figure 1. Coupled mass/heat transport in hygroscopic textile

Computational Methods

the COMSOL model accounts for vapor-phase diffusion,
heat transfer, liquid evaporation/condensation and
sorption/desorption through the solid phase (table 1).
Complications due to variable porosity caused by
swelling/shrinkage of the porous matrix are accounted for
by the source terms In the transport equations [ref. 1 & 3].

Equation Transient Diffusion Volume Source Interface
mass conservation vapor X X mass flux in/out fibre PDE
mass conservation bound liquid X mass flux in/out fibre PDE
heat flux heat transfer
energy conservation X X (evaporization/condensation In porous
+ sorption/desorption) media

Table 1. Comsol model

ResUults Temperature rise/fall across a wool textile due to heat/vapor transmission.

= =
L T N A%
| | |

12.4
11.8
11.2
10.5
9.89

9.25 mm
8.61 p
2981 e
£.34 F -

Temperature rise (°C)

T e T T ¥ = T I« T s

%1071

1.57
1.45
1.41
1.33
1.25

q 1.17
-1 1.09
-1 1.01
-1 0.93
- 1 0.84
-1 0.76
-1 0.68
-1 0.6

e 0,32

o= % = 0001286 M | -
oo x = 9.64E-4 m i
©- x=6.42E-4m
£} =3 21E-4m
= %= 1.60E-4m |-

0.44
0.36
0.28
0.2

0.11

6.7 F 7

4,79 s

2.87

2.23

1.6

0.96 X (M)
e ————
e

Figure 2. Contourplot
temperature rise/fall

0 200 400

lest case A wool fabric is subjected to a step change
In relative humidity [ref. 1]:
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h,= convective mass transfer coefficient = 0.021 m/s
h. = convective heat transfer coefficient = 21.8 W/(m?K)

Figure 5. Definition test case
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Figure 3. Curves temperature
rise/fall across a wool fabric [ref. 1]
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Figure 4. Contourplot bound
liquid volume fraction

Conclusions Coupled diffusion phenomena of

heat and moisture In hygroscopic materials are
successfully modeled. More fabrics and validation Is
underwavy.
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