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INTROL :

An important end-use for nonwoven fabrics is in surgical g and chemical t ihi ~ Theyare
also used as insuiation materials in apparel worn for cold weather protection For these nd-i nowr @ must
P a diverseand often story setofp p "o a g exlemal at
agents such as bacteria or body fluids, or they must prevent the penetration or permeation of hazardous chemicals or

a No 81 ¢ i1 cold weather apparel must insulate against the loss of body heat that can result in hypo
€ The essential protective properties of nonwoven fabrics frequently conflict with the need to provide a com-
fortable b 1  ionmenifi th w Failure to provide a comfortable thermal environment is a serious defi-
ncy since some ate ials, b di g0 ' govms and chemical protective suits, arée worn in hot and humid
ire or where the wearer is engaged in strenuous activity that produces excessive amounts of body heat and
ig At the other extreme, nonwovens used in cold weather clothing must prevent the loss of body heat while
g dign oo i znk ad t 1in cold insulation performance and discomfort asso-
ciated with sensations of wemess or chilling This research demonstrates new and highly useful laboratory proce-
dures for measuring the heat and moisture transfer properties of il ils An analytical model is described-
for predicting the thermal comfort of clothing systems from laboratory Ir These tools were used in a
program that analyzed the comfort performance of specially selected groups of nonwoven barrier fabrics exposedin
hot and humid or y cold i The effects of parameters related to heat and moisture transfer are
examined: The effects of fabric type, skin conditions, skin-clothing configuration are reported forsiitk nd uld
r clothing 11l  This research produced a deeper understanding of the role of wicking Iy 1a

b :: it b a f cfh i ke Lt ingkl fabdi dth ug  woip 2l
3 hi les ey d: Lo ongay ¢ arl thje & 1 Of thermal comfort
phenomena provide verification of the comfort models developed by is program.
METHOD :
The 1 analyzing system consists of three parts: an v ¢ control  mber, a sweating hot
p b component that simulates the skin or body, and a 0 it 1 i system.
Conmolof vire m ta i Tabai ESPEC's Platinous Lucifer Model PL-2G, programmable low
P and idit chamber was used to produce artificial environmental conditions. A skin simulating
dedhoty : orsweating hotplate, wasplacedi ik ¢ : W Tt :h bz cont lledt iperamre in the

range 40~100 ' and humidit in1 range: 98% Ar : were ¢ ¢ from0.12 to .3 m/sec.

it 4 he al = vlthem ¢ P 2 using a specially modi-
% lhermolabo Kawabata thermal analyzing system |1]. -Simultanecus heat and moisture transfer was measured
using a sweating hot plate featuring simulated sweating glands supplying water to the heated surface at the rate of
000202 A i gl d The water flow was conirolied using a peristaltic pump. Three skin models were used

)8 dry, dry/space and wet/space conditions and clothing configurations. A fov th 1 dto
in skinp: taly wet with sweat.
' ion Fh d moi in clothin . Micro-thermocouples and thin film micro-

¢ e used to measure temperature and vapor pressure levels on the simulated skin surface, between
fabric layers and in the ambient air surrounding the test ensemble.

IS
We analyzed the physical and structural properties, as well as the heat and moisture transfer, of various non-
woven it i Weusedsimi | k models to determine transfer properties at different levels of te ng

humidity, andalr ¢ty Th [ usto i 1 tic ship k2 nonwoven ¢ md! and
moisture transfer properties :% | tocomfort. Laboratory i ¢ Fcomfortare 1 with sub
ratings of land /X c
Ccc 8

r I hsf nonwovenbarri b oz bexrk 1 i nrin vtz g

tures several degrees in excess of skin temperature (34" The factor of fabric design most influential in extending
the range of the comfort zone, as indicated by pr di ! i w 1 bl: i L temperature, is h bilip
of it nonwoventot it cist  vapor. Our research confirms several previous  lirs {2] that have h

that ral featr es, not the component fiber, are th it i t o 1 of oisu  pc usion.

0o



Qur results also indicatethat the properties having the greatest impacton combined heat and moisture transfer are
fabric thickness, fier volume fraction, optical porosity, air permeability, and moisture diffusion. Key strucnaral
properties are controled by the B of nonwoven, post treatment and the presence ofimpermeablecoatings or films,

ENVIRONMENTAL EFFECTS

Environmental variables includingair velocity, ambienttemperature, and humidity significantaffect heat and
moistars wansfer through nonwoven materials, The rate of heat and meistire transfer through most nonwoven bar-
rier fabrics is propartional to the squarercot of alirvelocity. In highly porous materials, heat and moisture transfer is
proportional to the square of the wind velocity, due to the effect of wind peretration through low density samples.
Thermal tesistance increases With decreasing ambient temperature. If the skin is dry, eavironmental humidity has
enly aslighteffect on heat transfer through hygroscopic materials: the higher the relative humidity the greatsr the
heat transfer rate due to the increass in the moisture regain of the fabric. If swearingis involved, heat transfer
decreases with increasingambienthumidity, due to the lower potential for evaporative keat loss to the environment
Thedegres to which humidity affects heat transfer depends more on the structural properties of the fabrics thanthe
hyarophilicity of componentfibers.

EFFECTS OF SWEATING

Our experimentsshow the effect of sweating on the evaporative heat transfer through nonwoven materials,
They show that evaporative heat 10ss Increases in proportion to the area of the skin thetis wat with liquid moisturs,
They show that the temperatire and vapor pressure measured in the air layer between the skin and fabric surface are
lower over the dry portian of the skin than over the wet fraction, when the skin is partizlly wet with sweat The
difference between readings of temperatizes and vapor presstze made over dry and wet regions of a sirnulated skin
surfacs decreases asthe moisture permesation resistanceof the nonwoven fabricincreases. The buiidup of temperature
and vapor prassure in the microclimateover the dry fracgion oF the skin surface is undoubtedly one expizanation of
why impermeable materials generate a sansation of wetmess in clothingwear. Wicking occurs readily in hydmscopic
nonwovens in contactwith a wet simulated skin siirface. Liquid water transport by wicking of moisturs condensed
in fabric layers is far less likely to ecewz, simplybecause sufficientwater is not acenmulated through condensationto

initiate capillery transport. The wicking of water fram the skin surface accelsrates heat kansfer, primarily becauss it
increases the effective evaporatingarea

EFFECTS OF CONDENSATIONIN COLD WEATHER SYSTEMS

We performred experiments 1o determine the effects of moisture condensationin a multiple fabric systemin a
cold weather environment One system examined ¢onsisted of asemipermeabls outerlayer nonwoven fabric, thres
thermal insplating layers, a highly permeable nonwstable nonwoven and a highly absorbent next to the skin layer.
Thermal ransfer was measured for an extended period before, during and after the simulation of sweating. Data show
that the vapor pressure beneath the semipermeableouter fabric reaches a satwration level within a few minutss after
onset of sweating, The rate of heat dissipation reaches a maxirazm in about 10 minutesand steady-sfare conditions
exist for several houss after sweating has stopped, due to the accumulation of excess sweat The temperature and
energy loss through the cold weather system drops sharply after the Siinsurfacedries. This temperaturz drop lowers
the saturation vapor pressure and causes moisture to condense with the insulatinglayers. Inacold environment,
water condensed beneath the outer fabric layer freszes to form a thin layer of ice. This phenomenon lowersthe
effective insulation of cold weather clothing Systars.

SURBJECTIVE TESTS

The comfortindex predicted by aralytical models from laboratory measurements of fabric heat and noisture
transfer properties comelates with subjectivecomfortrating given in a simple testdevised by thiSresearch. These
experiments show that the sensationof warmth OF coolness is associated with skin emperature and the thermal
energy dissipationrate. Theimportance of the next-to-skin layer in clothing comfortwas ¢onfirmed., A wetor
strongly hydmscopic next-ta-skin fabric layer produced sensations of coolnessin a wamm/cool subjectiverating.
Wet/dry subjective comfortcorrelates with the water vapor pressure measured on the skin surface. The higher the
perspiration, sweating Or ambienthumidity, the less the feeling of aomfortassociated with wetness.

ACKNOWLEDGEMENTS

Thiszesearch was conductedat the College of Textilesat North Carolina State University aspart of a
consortum program on research using Kawabata instruments sponsored by a number of industrizl organizations.

REFERENCES
1 Kawabata, S, Niwa, M. and Sakaguchi, H., Application of the new thermal tester "Thermolabo® to the
evaluation Of clothingcomfort. In Obiective Annlications Dest

Canral, edited by S. Kawabata, R. Postle and M. Niwa, The Textile Machinery Society of Japan, 1985.

2 Yoonr, HL N and Buckley, A., Improved comfortpolyester, Past |: Transportproperties and thermal cornfort of
polyester/cotton blend fabrics. TextileRes. J., 54: 239, 1984.




