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Abstract 

In this paper, the mechanism of heat and moisture transfer is first described. Then, the development of heat and 

moisture transfer model and numerical simulation method are summarized. Finally, the existing problems in 

numerical simulation of heat and moisture transfer in fabrics are analyzed, and the future development of them is 

prospected. 
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1. Introduction 

In recent years, the research on porous media has penetrated into many disciplines and new technologies, including 

energy, materials, chemical engineering, environmental science, biological technology, bionics, medicine and 

agricultural engineering (Shi Mingheng, Yu Weiping, Wang Buxuan, 1994). The study of the coupling law of heat 

and mass transfer in porous media can not only understand the structure and physical and chemical properties of 

porous media more deeply, but also have extensive practical value. 

The porous media in nature are changeable and complex. Generally speaking, porous media can be divided into three 

categories (Wang Buxuan, 1998): (1) a porous medium, such as a packed grain, two variables metal particle mixture, 

etc; (2) skeleton porous medium, such as porous rock, timber, well developed soil and so on; (3) fibrous porous 

media, such as clothes worn on the body.  

As textile materials are porous media, it is very feasible to introduce the heat and mass transfer method of porous 

media into the process of heat transfer and moisture transfer in textile materials. As a traditional industry, clothing 

and other branches of the integration of innovation is the current research hot spot and direction, but also the 

inevitable choice for the development of the field of clothing. It is still a concern for scholars and developers to apply 

the theory of heat and mass transfer in porous media to the field of clothing and study the heat and moisture transfer 

process of the micro system composed of environment, clothing and human body. 

2. Mechanism Analysis of Heat and Moisture Transfer of Fabrics 

Heat transfer is the process by which heat travels from a high temperature region to a low temperature zone, caused 

by temperature difference. There are 3 forms of heat transfer in porous fiber fabrics: heat conduction, convection and 

radiation. Heat conduction is the mode of heat transfer produced by the thermal movement of molecules, atoms, and 

free electrons in stationary materials. Convection is the mode of heat transfer that results in the relative displacement 

between the parts of a fluid, resulting in the mixing of cold and hot fluid. Because of the irregular thermal motion of 

fluid molecules, heat convection must be accompanied by thermal conduction. The object through electromagnetic 

wave heat transfer is called radiative heat transfer (YANG Shiming, TAO Wenshuan, 2006). 

In the actual heat transfer process, the 3 modes of transmission do not exist alone, but can occur simultaneously 

without depending on each other. The gaps between the porous fiber fabric, yarn between the fibers within or 

between fibers in yarns is relatively small, in general, the heat conduction in a dominant position, while heat 

convection and thermal radiation contribute less to (SHI Hongliang, 2001). But at high temperatures, thermal 

radiation is not to be ignored. 

From a macro perspective, the porous fabric as a collection of fiber and air, normally air contains some water. In the 

course of heat transfer, there will also be the transmission and absorption of water, and simultaneous existence and 

interaction with heat transfer. The moisture absorption capacity of different fibers is different, and the moisture 

absorption and heat release of the fabric will lead to changes in fabric temperature. At the same time, the increase of 
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temperature will cause water vapor saturation, and the concentration of vapor will become larger, and then the 

change of evaporation will be caused by (LI Fengzhi, 2004). 

3. Development of Coupling Model of Heat and Moisture 

3.1 Early Studies 

The researchers have a long history of studying the heat and mass transfer properties of porous media. In 1822, 

Fourier deduced Newton's law of cooling and obtained the Fourier equation in which the heat flux was proportional 

to the temperature gradient, and the coefficient of proportionality is the thermal conductivity of the medium. This 

equation has become the basic theory of heat transfer, and provides an important theoretical basis for the study of 

heat transfer in porous media. In 1855, Fick established the relationship between fluid concentration gradient and 

fluid flux inspired by Ohm's law, called Fick's Law. In 1856, Darcy’s experiment on filtration of water by porous 

media obtained Darcy's Law. The establishment of these three basic laws provides a theoretical tool for the 

theoretical study of heat and mass transfer in porous media. Researchers in various fields have carried out 

quantitative analysis of heat and mass transfer phenomena in porous media with different structures and obtained a 

series of results (Tian Mingwei, 2012). 

In many porous materials, heat transfer, moisture transfer and air flow will influence each other. A lot of theoretical 

models have been put forward. The earliest thing to do in this area is Henry P.S.H..He studied the diffusion of 

moisture through the pores of the solid and that the solid can absorb or release water vapor. It is assumed that the 

physical properties of porous media are unchanged under normal climatic conditions. Henry established a 

one-dimensional transient heat transfer and moisture transfer mathematical model (Lin Ruitai, 1995): 

Mass conservation equation 
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In the formula, ρv is the density of water vapor; ɛ is the porosity of the material; U is the moisture content; Dv is the 

amount of water vapour diffusion; α is the temperature coefficient; λ is the thermal conductivity of solid materials; ρ 

is the density of solid material; hlv is the latent heat of vaporization; Cp is the specific heat of solid material at 

constant pressure; T is the temperature; β and λ are the proportionality constant. 

Henry further analyzed and solved the above model. Equation (3) is a linear function in which Henry assumed that 

the moisture content in the medium was the temperature and the density of the water vapor. And the medium and the 

surrounding air at all times maintained a balance of moisture and heat. 

In the study of transient heat and mass transfer in porous media, another famous mathematical model is Luikov 

equation. The equations describe the unsaturated wet diffusion process without total pressure differential action: 
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In the formula, Dm, Dt and r are the solid diffusion coefficients, thermal diffusivity and phase change factors of solid 

skeleton respectively. 

It is assumed that moisture transfer is similar to heat transfer, and the internal transmission is proportional to the 

moisture gradient and the temperature gradient. Moisture diffusion acts on heat transfer, while phase transition or 

endothermic reaction of material is regarded as heat source or heat sink. In the coupling problems, heat absorption or 

heat release is generally a source or sink, and this heat can not be neglected in hot and humid materials. 
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Although the solution of the Luikov equation is quite complicated, it takes into account all forms of bound water and 

does not limit the wet migration. The Luikov model is still considered a reliable and practical set of equations (Li 

Xikui, Li Rongtao, Zhang Xueshan, 2005). The key to obtain numerical solutions of heat and mass transfer is the 

need for accurate and reliable thermal and boundary conditions in the equation. 

3.2 Recent Studies 

In 2000, a porous composite soil, Jintu Fan (Jintu Fan, Zhongxuan Luo, Yi Li, 2000) et al first put forward with the 

adsorption and condensation of textile materials of heat and moisture transfer dynamic model about porous 

composite materials. In the literature (J. Fan, X. Wen, 2002), a dynamic coupled model of heat and moisture coupling 

through a fibrous insulating layer was also presented. Evaporation and movement condensation were considered in 

the model. The model successfully explained the experimental observations of Farnworth, and the numerical results 

of the model were in good agreement with the experimental results. In the literature (J. Fan, X. Cheng, X. Wen & W. 

Sun, 2004), Fan Jintu et al proposed an improved model of coupled heat and moisture transfer in fiber heat insulation 

layer with phase change and moving condensation. 

In the previous model, the movement of moisture in the cotton fabric was considered negligible. But later it was 

found that this resulted in a large error between the numerical results and the experimental data. In the new model, 

the authors considered the water movement caused by the pressure gradient, the supersaturated state in the 

condensation region, and the dynamic moisture absorption and fluid condensation of the fiber material. Compared 

with the numerical results of the new model, the experimental results were in good agreement with the numerical 

results. In the literature (Huijun Wu, Jintu Fan, 2008), a heat and moisture transfer model of two ply fabric based on 

the above dynamic model was proposed. In addition to conduction and radiation, the convection heat transfer 

between the fabric and the outside environment was also considered.  

In recent years, the coupled model of fabric heat and moisture has been developed rapidly, and the consideration of 

influencing factors has been gradually improved. Zhu (ZHU Q Y, XIE M H, YANG J., 2011) developed a fractal 

mathematical model of pore size distribution in porous media on the basis of coupled heat and mass. The fractal 

dimension and voidage parameter were introduced, and the initial conditions and boundary conditions were 

normalized. The water vapor concentration distribution, the volume fraction of liquid water, the temperature change 

of porous fiber material and the relative molecular weight distribution of water were simulated. 

The continuous emergence of new materials has brought new opportunities for the study of coupled heat and 

moisture transfer of fabrics. Li Fengzhi et al (Li Fengzhi, Wu Chengyun, Li Yi, 2008) (Zhu Yunfei, 2011) developed 

a model of heat and moisture coupling for fabrics containing phase change materials, and improved the traditional 

coupled heat and moisture model. The model considered the influence of the phase transition region on the phase 

transition, the heat transfer process, the influence of the heating / cooling rate on the characteristic temperature and 

phase transition heat of the phase change material. It could predict the heat and moisture transfer process in phase 

change microcapsule fabrics very well. Subsequently, a model of heat and moisture transfer in clothing containing 

single and multiple types of phase change microcapsules was developed. And it provides a good guidance for the 

design of smart clothing fabric, but the model dose not take into account the yarn. 

At present, many scholars build mathematical models from the point of view of fluid mechanics and thermodynamics 

to simulate the internal flow field of porous media, and simplify the setting of model and boundary conditions to 

reduce the modeling time (Zhang Mingbao, 2012).  

4. Calculation of Numerical Simulation 

The numerical calculation of heat and moisture differential equations of porous fiber fabrics is usually based on 

numerical method. The numerical method can be used to solve the problems of irregular geometry, complicated 

boundary conditions or nonlinear heat conduction problems. The commonly used numerical methods are the finite 

element method, the finite volume method, the finite difference method, and the control volume time domain 

recursive algorithm (XU Dinghua, GE Meibao, ZHANG Haili, 2013). Xu Dinghua et al (XU Dinghua, GE Meibao, 

2010) proposed a strong coupled nonlinear equations for heat and moisture coupling. First, the equations were 

decoupled. Then, the original equation was discretized into a nonlinear system of equations by means of finite 

difference and numerical integration, and ewton iteration method was used to solve the problem. Then calculated the 

temperature distribution inside the fabric, the mass flux of water vapor and the pressure of water vapor. The 

numerical results were in good agreement with the experimental data, which demonstrated the effectiveness and 

feasibility of the proposed algorithm. 

With the continuous improvement of numerical methods and the application of various calculation soft wares, the 
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speed and accuracy of numerical simulation have been greatly improved. For example, Matlab can be used to solve 

the mathematical model by programming language. According to the numerical solution, the distribution of 

temperature and humidity in the fabric can be plotted over time.  

5. Conclusion and Prospect 

In recent years, the factors considered in the establishment of the coupling model of fabric heat and moisture are 

more and more close to the actual situation. More applied to real life, provide a scientific basis for the development 

of new products. The method of solving the model has also been greatly improved, and the speed and accuracy of 

numerical simulation have also been greatly improved. 

At the same time, the established mathematical model also has some limitations. In order to reduce the amount of 

calculation, the previous studies often simplified model. The assumed conditions, boundary conditions, fabric 

morphology and properties are mostly idealized. There is a certain deviation between the calculated results and the 

actual situation. Most of the established models of fabric heat and moisture coupling are based on the micro element 

model. It is only a preliminary consideration of the influence of the fabric's physical and structural characteristics on 

heat transfer and moisture transfer (Wang Hongmei, Zheng Zhenrong, Zhang Nannan, 2016). In the future research, 

it is still necessary to study the heat and moisture transfer mechanism of porous fabrics and establish a perfect 

numerical model for heat and moisture transfer of fabrics. The establishment of model under unsteady condition is 

also a research focus. In addition, there are still a lot of problems to be solved for the establishment of the coupled 

thermal and moisture model of multilayer fabric and complex fabric in the three-dimensional direction, which need 

the further research. 
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