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Abstract. In this study drying behavior of a single wool yarn is studied numerically with Comsol Multiphysics 
modeling and simulation software for driying air temperatures of 70oC, 80oC and 90oC. Temperature and 
moisture content distributions in the yarn are obtained by using one dimensional, simultaneous heat and mass 
transfer model. Because of the diffusion is the most effective mass transfer mechanism in the yarn, diffusion 
equation is used for mass transfer. 
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1. INTRODUCTION 

     Fabrics, which consist of yarns, undergo drying 
process after dyeing. Moisture is generally 
removed from fabrics by convective hot air drying. 
On the other hand, if fabric is over heated, it looses 
its hygroscobic moisture and it is downgraded. 
Drying is an expensive and time consuming 
process in the textile endustry. Because of these 
reasons, modelling of drying phenomena has an 
important role in textile industry. Although 
capilarity affects mass transfer, diffusion is the 
most effective mechanism during drying.  
     Lee et al. [1] studied through-air drying process 
for tufted textile materials. In their two 
dimentional and time dependent mathematical 
model, they analyzed the heat and mass transfer 
seperately for textile material and air. Riberio and 
Ventura [2] made an theoretical and experimental 
study about hot air drying of wool bobbins. They 
represented that in through circulation drying, 
drying time is shorter and consumed energy is 
higher with respect to cross circulation drying. 
Akyol et al. [3] solved an inversed heat transfer 
problem for cross circulation drying of wool 
bobbin and showed the variations of the effective 
volumetric heat capacity, effective thermal 
conductivity, effective heat transfer coefficients on 
the inner and outer surfaces of the wool with 
temperature. Sousa et al. [4] studied drying process 
of crude cotton fabric which is dried by hot air 
flow in the drying chamber for different values of 
initial moisture content of the sample, drying air 
temperature and velocity.  

     Hussain and Dincer [5] made a numerical study 
on hot air convective drying of cylindrical objects. 
They solved the two dimensional, time dependent 
governing equations by explicit finite difference 
method. Dincer et al. [6], developed a new Biot-
Reynolds correlation for convective air drying food 
products by using drying data taken from literature. 
The developed corelation is used to determine the 
moisture transfer parameters. Vega-Galvez et al. [7] 
applied Newton, Henderson-Pabis, Page, Modified 
Page and Logarithmic mathematical models to 
their study about the modeling the drying kinetics 
of the blueberry for drying air temperatures of 
60oC, 70oC and 80oC. Their results show that 
Modified Page and Logarithmic models are in 
good agreement with the experimental results.             

2. MATERIAL AND METHOD 

     In this study drying behavior of a single ring 
spun type wool yarn is investigated for 70oC, 80oC 
and 90oC drying air temperatures. The drying 
model is based on one dimensional mass diffusion 
and heat transfer.  
     Assumptions : 
-Heat and mass transfer is one dimensional. 
-The thermophysical properties of wool yarn is 
constant. 
-Latent heat of vaporization is constant and taken 
in the mean temperature.  
-Diffusion coefficient depends only to the 
temperature.  
-The temperature of the boundary of the yarn is 
equal to the drying air temperature. 
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Fig. 1. One dimensional model of the yarn 

      
     Diameter of the of the wool yarn is calculated 
from the Eq. (1) for yarn count Ne = 10 [8]. Eq. (1) 
is developed by El Mogahzy for ring spun type of 
yarns. 
 

 
(1)

     Thermophysical properties of the wool yarn is 
given in Table I. 

Table I 
Thermophysical properties of wool yarn 

Property Value Reference 
c (J/kgK) 1340 [9] 
k (W/mK) 0.05 [10] 

 (kg/m3) 1340 [9] 

     The modified heat eaquation [2] and diffusion 
equation are given in Eq. (1) and Eq. (2) 
respectively. 
 

 
(2)

(3)

     Boundary and initial conditions for the 
governing equations are given in the following 
equations. 
     Initial conditions : 

 (4)

 (5)

     Boundary conditions : 

 
(6)

 (7)

 
(8)

 (9)

     The solution of the one dimensional diffusion 
equation for the infinite cylinder [11] is given in 
the Eq. (10). 
 

 
(10)

     In Eq. (10) n (n=1, 2,.....) are the roots of 
zeroth order Bessel function and here the 
characteristic length L is taken as the diameter of 
the cylinder. 
     The equilibrium moisture contents  for 
natural wool fibers is calculated from the 
Henderson model [12] for the drying air 
temperatures of 70oC, 80oC and 90oC. They are 
given in Table II. 
 

 
(11)

     The coefficient  and  are equal to 2.38 and 
0.481 respectively. 

Table II 
Equilibrium moisture contents 

Text(oC)  
70 0.035 
80 0.028 
90 0.023 

     The energy equation is solved by Comsol 
Multiphysics modeling and simulation software. 
The latent heat of vaporization are taken at the 
mean temperature. 
The values of diffusion coefficient is calculated 
from the study of Ribeiro and Ventura [2] for 
variable values of drying air temperature. An 
Arrhenius type relation is developed as in the Eq. 
(12) by using these values.  
           

 

 

 
(12) 

3. RESULTS AND DISCUSSION 

The length of the duration of drying is 
determined as the time when the maksimum 
moisture content in the wool yarn is equal to the 

 

d = 0.4mm 
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equilibrium moisture content. The time necessary 
for the yarn to reach the equilibrium moisture 
contents are given in Table III. 

Table III 
Drying time for the yarn 

Text(oC) t(s) 
70 20 
80 16 
90 15 

     As it can be seen from the obtained results, the 
length of the duration of drying decreases with 
increasing drying air temperature. In fact, if the 
final moisture contents is assumed contstant for 
different drying air temperatures, yarn dryed by 
hotter air reaches that moisture content value more 
rapidly than predicted. Equilibrium moisture 
content decreases with increasing drying air 
temperature. As a result it takes a bit longer time 
for the yarn to reach the equilibrium moisture 
content.    
     The temperature and the moisture distributions 
inside the wool yarn is given in the following 
figures for variable values of drying air 
temperature. 
 

 
Text = 70oC 

 

 
 Text = 80oC  

Fig. 2. Temperature distribution in the wool yarn for t = 15s 

 
Text = 90oC  

Fig. 2. Temperature distribution in the wool yarn for t = 15s 
 

     For the first seconds of the drying, the term  
given in Eq. (2) has high magnitude with respect to 
the proceeding times. It is seen that the presented 
model for the temperature distribution does not 
give appropriate resuts at the begining of the 
drying. 
     The temperature distribution in the yarn is 
symmetric with respect to the center because of the 
symmetrical geometry of the yarn. As the drying 
air temperature rise the rate of increment of the 
temperature in the yarn gets high. 
 

 
Text = 70oC , t =5s 

Fig. 3. Moisture distribution in the wool yarn 
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Text = 70oC , t =10s 

 

 
Text = 70oC , t =15s 

 

 
Text = 80oC , t =5s 

Fig. 3. Moisture distribution in the wool yarn 
 

 
Text = 80oC , t =10s 

 

 
Text = 80oC , t =15s 

 

 
Text = 90oC , t =5s 

Fig. 3. Moisture distribution in the wool yarn 
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Text = 90oC , t =10s 

 

 
Text = 90oC , t =15s 

Fig. 3. Moisture distribution in the wool yarn 

  
     Because of the cylindrical geometry of the yarn 
the the moisture distribution is symmetric with 
respect to the center. In the first five seconds the 
moisture distributions in the yarn are almost same 
for variable values of the drying air temperature. 

NOMENCLATURE 

 Parameter 
 Parameter 

a              Parameter 
b           Parameter 
c            Specific heat of the yarn  [J/kgK]         
D          Diffusion coefficient [m2/s] 
d Diameter of the yarn (mm) 
hv          Latent heat of vaporization [J/kg] 
k            Thermal conductivity of the yarn 

[W/mK] 
Ne Yarn count 
L Characteristig length [m] 
R Radius of the yarn [m] 
RH Relative humidity 

 
 

r Radius of the yarn at the point 
considered [m] 

T           Temperature [oC] 
To Initial temperature [oC] 
Text Drying air temperature [oC] 
t           Time [s] 
V Volume [m3] 
X           Moisture content of 

the material 
[kg water/kg 
dry mass] 

Xo Initial moisture content 
Xe Equilibrium moisture content 

 roots of zeroth order Bessel function 
           Density of the yarn [kg/m3] 
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