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This paper r@ews the methodology of numerical simulation of the dynamic thermal responses
of human body and clothing and discusses the influencarimiug properties of clothing materials on
the dynamic thermal comfort and sensations. Thereional mathematical models describing the
heat transfer and moisture transfer processes are the bagjg andrmass conservation equations,
which follow Fourier'law and Fick's law respectrely. The two transfer processes are considered
essentially independent with each othBrom the two eguations, tw fundamental criteria are
generated to describe the thermal properties of clothing material, i.e. thermal resistance (Clo) and
water vapor resistance (J, which hae keen widely used in modeling the thermal comfort and/or
thermal stresses of a clothed human battywveve, the heat and moisture transfer processes are not
independent with each other in clothing materials and at skin surfacey asetibeupled by the phase
changes of water and absorption/desorption of wad@orv by the fibers. A mathematical model
describing the coupled heat and moisture transfer processes veispee, in which the dynamic
sorption kinetic of fiber was tak into account. This model is able to illustratevitbe moisture
sorption capacity (called hygroscopicity) of clothing material influence the thermal and moisture
comfort and sensations inamous transient conditions where insensitigerspiration and dry
environment are the dominant features. For extremely cold@mmental conditions, the temperature
difference between the body angteznal environment is huge so that heat transfer by radiation
becomes very significant. A mathematical model hasldged to tak into account the radiationfett
on the basis of the primus models. Using the model, the temperature and moisture profiles in clothing
can be calculated to illustrateviadifferent fibers and fabric materials influence the thermal comfort
and moisture sensations in cold conditions. Besides, the liquid transport process in clothing cannot be
neglected as a wearer may be ofterp@sed to wetted situations due to sweating and/or
raining/sneving. A mathematical model has beenveeped recently to describe the dynamic
interactions between heat transfer by conduction and moisture transfer hysiodif
sorption/desorption, watervaporation/condensation and capillary actionsithWspecification of
boundary conditions of the temperature and humidity at the clothing-skin and clothiragnrerent
interfaces, the dynamic changes of the distrdn of the temperature, moisture contents in the air and
fibers of clothing and theolumetric fraction of the liquid water throughout the fabric can be
calculated. This model is particularly useful in simulating the thermal comfort and sensations under
sweating situations and/or externally wetted conditions and illustrateh®oliquid moisture transport
behaior of clothing (called moisture management) effect the thermal functional performance of
gaments. ® smulate thermal functional performance of clothing under coxplear situation of
sweating in extremely cold environment such as ski, a mathematical model has\sbgredemore
recently to describe various dynamic couplinfeeks among the heat transfer by conduction and
radiation and moisture transfer by fd#gion, sorption/desorption, vaporation/condensation,
liquidation/solidation and capillary actions. These mathematical models, which are solved mainly by
numerical computation methods, can be utilized to study the thermal comfort and thermal/moisture
sensations under various transient conditions and to analyze the heat (cold) stresses under hot (colc
ervironment for gven dothing materials. More importantlghe models can be utilized adestive
engineering design tools to optimize the thermal functional performance of clothing for intended wear
situations, which is illustrated by a series of computational results with comparisgpeoinental
observations.
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