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Abstract. In this study, firstly, experimental drying behavior of polyester yarn bobbin was determined under 
different drying conditions, then a suitable artificial neural networks model, simulating polyester yarn drying 
process, have been revealed by the using obtained data. Then the model results were compared with both the 
experimental data and the empirical models available in literature. The results obtained by the method of artificial 
neural networks indicate that the modeling results are highly agreeable with the experimental ones. 
Keywords: drying, heat and mass transfer, yarn, polyester. 

1. INTRODUCTION 

     Textile products are subjected to textile 
finishing operations during the production period 
in the textile industry and the moisture during such 
operations are removed by drying process. Drying 
of textile products is mainly divided into two 
groups according to the removal of moisture on the 
product; pre-drying with mechanical methods and 
basic drying by heat transfer without loss of 
hygroscopic moisture on the product. 
     Mathematical modeling of the drying behavior 
of textile materials plays an essential role because 
it enables scientific process design, minimization 
of energy costs, and minimization of the costs due 
to quality constraints [1]. However it is not a 
simple task to describe the drying process with a 
single simple model. Because the modeling of 
structural parameters like porosity, tortuosity, 
shrinkage and permeability is complicated and 
conditions such as drying temperature and 
humidity may change during the drying process. In 
addition most transport properties are strongly 
affected by concentration, temperature and 
physical properties. Analytical drying models are 
usually solutions of simultaneous heat and mass 
transfer differential equations and the solution of 
these equations analytically may be very complex 
and difficult. On the other hand empirical and/or 
semi-empirical models can be used to define 
drying behavior of porous materials based on the 
complexity of transport mechanisms. These 
models are valid within temperature, relative 
humidity, air flow velocity and moisture content 

range for which they were developed [1]. However 
these models may not be valid for other different 
conditions and it is very difficult to obtain a 
general equation for a range of drying parameters 
[2].  
     Artificial neural networks are derived from the 
massively parallel biological structures found in 
brain and they are good tools for dynamic 
modeling especially when the underlying data 
relationship is unknown. They have successfully 
been used in the prediction and classification of 
problems in a wide variety of application areas as 
diverse as finance, medicine, engineering, geology, 
physics and biology. After training, artificial 
neural networks can be used to predict the outcome 
of new independent input data. They are robust 
systems and are fault tolerant. In such situation, 
where the relationship between various variables 
describing drying problem is complex and ill-
defined, the widely used artificial neural network 
(ANN) has a decisive characteristic for solutions of 
the problems with an acceptable accuracy.  
     In this experimental study an artificial network 
model has been designed and used to predict the 
drying behavior of polyester based yarn bobbins.  
 
2. MATERIAL AND METHOD 

     The drying experiments were conducted in a 
pressurized hot air bobbin dryer controlled by a 
programmable logic controller (PLC) shown in 
Figure 1. In this system, ambient air was directed 
to an electrical heater by a centrifugal fan and the 
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air pressure was supplied by a compressor. Air 
temperature was controlled proportionally. After 
the heater, air enters to a bobbin carrier system 
where the bobbins are dried. After carrier, drying 
air firstly enters to a cooling exchanger. The 
purpose of this process is to reduce relative 
humidity of the air. Afterwards, drying air enters to 
a separator. In the separator, water droplets 
hanging on the air are separated from the air. 
Drying air finally returns to the fan. The weights of 
the bobbins can be measured continuously by 
means of a loadcell. The conditions of air at 
different points in the carrier and weights of the 
bobbins can be monitored by a software program, 
and the process can be controlled by an automatic 
control system. 
 

 
 

Fig. 1. Experimental bobbin dryer 
 
     Polyester based yarn bobbins containing 67% 
polyester and 33% viscose have been used in the 
experimental study. In the carrier hot air is passed 
from inside to the outside of bobbins in radial 
direction as shown in Figure 2. Geometrical 
dimensions for the bobbins used in the experiments 
are also presented in Table I. Before the drying 
experiments all bobbins were kept in a water bath 
during 12 hours to absorb the water fully, and then 
kept on a grill for 30 minutes to drain dripping 
water. Moreover, before the thermal drying 
operation, a pre-drying operation by passing the 
pressurized air through the bobbins without 
heating has been performed for 5 min duration 
before each thermal drying test to remove initial 
surplus water inside bobbins. Afterwards the 
experiments were performed in specified drying 
conditions. 

 

 
 
Fig. 2. Bobbin geometry and air flow direction inside bobbin 

      
Table I 

Dimensions of the bobbins  
H [mm] d [mm] D [mm] 

136 54 14 

      Drying experiments were performed at various 
drying air temperature and pressure conditions at a 
constant drying air volumetric flow rate of 
500m3/h. During the experiments effective air 
pressure conditions were Peff=1 bar, 2 bar and 3 bar 
at each drying air temperatures of T=80 C, 90 C 
and 100 C. 
 
3. MODELING 
 
3.1. Mathematical Model 

 
     Due to the complexity of transport mechanisms 
empirical and semi-empirical models are often 
used to define the drying behaviour of materials. 
The empirical and semi-empirical models require 
small time compared to theoretical models and do 
not need assumptions of geometry of the material, 
its mass diffusivity and conductivity and etc. 
Therefore they are useful for automatic control 
processes. Five different empirical drying models 
given in Table II have been taken into account to 
determine the most appropriate model for the 
drying simulation of polyester based yarn bobbins. 

Table II 
Mathematical drying models 

Name Model equation Ref 

Verma et al. [1] 

Page  [3] 
Henderson& 

Pabis  [4] 

Two term  [5] 
Logarithmic  [6] 
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mr in the drying models is the moisture ratio defined 
as [7, 8]: 

 

 (1)

 
     Here, M and Mo are the instantaneous and initial 
mass of yarn bobbins air respectively. 
     The correlation coefficient (r) is one of the 
primary criteria for selecting the best equation. In 
addition to correlation coefficient, standard 
deviation (es) and mean squared deviation ( 2) are 
used to determine suitability of the fit. These 
parameters are defined in Equations (2-4) as 
follows [6, 8]. 

 (2)

 (3)

 (4)

 
3.2 Artificial Neural Network Model 

 
     In this study, a multi-layer perceptron network 
model with back propagation training algorithm 
has been used. Multi-layer perceptron networks, 
also known as multilayer feed-forward networks 
are one of the most widely used and successful 
neural network types, which are applied to a wide 
range of applications for prediction and process 
modeling [2]. In a multilayer perceptron, the 
neurons are arranged into an input layer, an output 
layer and one or more hidden layers.  
     One of the most difficult tasks in ANN model 
development is to find the optimal network 
architecture. This network architecture is to be 
selected out of several network configurations 
comprising the combination of various model 
parameters namely, the number of hidden layers, 
and number of neurons in hidden layers, different 
transfer functions and training algorithms. On the 
other hand the number of hidden layers and 
neurons within each hidden layer can be varied 
based on the complexity of the problem and data. 
In this study the trial and error approach with 

iteration technique was adopted to build the ANN 
model.  
     The artificial neural network architecture has 
been developed by using data obtained from drying 
experiments of polyester based yarn bobbins. The 
training procedure was performed by using 
randomly selected 818 data while 96 data points 
were utilized for testing of network performance. 
The number of the neurons in the input layer and 
output layer are equal to the number of input and 
output parameters respectively. The input layer 
consisted of three neurons corresponding to drying 
air temperature, drying air pressure and drying 
time while the output layer had one neuron 
representing the moisture ratio of the polyester 
based yarn bobbins.  
     In order to determine optimum number of 
hidden layers and the number of neurons within 
the each hidden layer a range of training tests were 
done with two hidden layers each having different 
neuron numbers. On the other hand in the literature, 
the most popular and commonly used logarithmic 
sigmoid (LS) and hyperbolic tangent sigmoid (HT) 
activation codes (Equations 5 and 6) were used 
during these tests. 

 
(5)

 
(6)

     Hyperbolic tangent sigmoid activation codes 
including 48 neurons and logarithmic sigmoid 
activation codes including 24 neurons were used in 
the first and second hidden layers respectively. 
Figure 3 shows the schematic view of the neural 
network architecture proposed and used in this 
study.       
           

 
 

Fig. 3. Neural network architecture for modeling the drying 
process of polyester based yarn bobbins 

 
     The accuracy of a trained network was 
measured by calculating the mean square error 
(MSE) of the test partition. The optimum hidden 
layer number and the optimum neuron number 
within the each layer were determined as the 
minimum value of MSE reached. 
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4. RESULTS AND DISCUSSION 
 

In this study an artificial neural network (ANN) 
model was designed and used to predict the drying 
behavior of polyester based yarn bobbins. Drying 
experiments were performed for various drying 
parameters in a pressurized hot-air bobbin dryer. 
Before the ANN model study, drying process was 
simulated by using the empirical models available 
in the literature and then ANN model results were 
compared with both the experimental and 
simulation results. First of all, empirical and semi-
empirical mathematical drying models available in 
the literature were fitted to the experimental data to 
find the most appropriate model. Among the five 
empirical correlations considered, the best fitted 
models were chosen based on the highest 
correlation coefficient (r) and lowest standard 
deviation (es) and mean squared deviation ( 2). 
Afterwards, a single multi-layer feed-forward 
artificial neural network (ANN) model has been 
established to predict the drying process. Then the 
empirical and ANN model results were compared 
with the experimental ones to estimate their 
abilities for prediction of moisture ratios of the 
textile bobbins exposed to drying process 
     Curve fitting computations were carried on the 
five drying models given in Table II relating the 
drying time and moisture ratio. The coefficients of 
the empirical drying models and the regression 
results for the drying conditions taken into 
consideration were given in Table III. The 
acceptability of the drying model is based on a 
value for the correlation coefficient r, which should 
be close to 1, and low values for the standard error 
es and the mean squared deviation 2. Among the 
considered empirical models in this study, the Two 
Term and Page models were found to be more 
suitable models for simulating the drying behavior 
of polyester based yarn bobbins depending on the 
experimental conditions. As seen from Table III, 
the Two Term model with the correlation 
coefficient r, varying between 0.99451 and 
0.99899, and with the mean squared deviation 

2 varying between 0.00029 and 0.00079 is the 
most appropriate empirical model for describing 
the drying behavior of polyester based yarn 
bobbins. Among the empirical models considered 
in this stu dy, the Henderson and Pabis model is 
the worst fit. 
      Table III also give the ANN model results of 
predicting moisture content of polyester based yarn 
bobbins during the convective drying process. It is 
clearly seen that when the ANN model was used 
higher r and lower es and 2 values were obtained 

than that of the Two Terms model. As seen in 
Table III, the correlation coefficient (r) values 
obtained for ANN model results vary between 
0.99581 and 0.99991 while the mean squared 
deviation 2 varies between 0.00008 and 0.00059. 
     In Figures 4-11, the predicted moisture ratio 
values of polyester based yarn bobbins under 
different conditions were compared with both the 
experimental and empirical model results. A 
remarkable agreement between the predicted and 
experimental results can also be obviously seen in 
these figures. It is concluded that the ANN model 
used in this study predicts the drying behavior of 
polyester based yarn bobbins more accurately in 
comparison to the best fitted empirical models 
available in the literature. All these results indicate 
the ability and the performance of the proposed 
neural network model in predicting polyester based 
yarn bobbin drying behavior under different drying 
conditions. 
 

 

Fig. 4. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=1 bar, T=80oC 

 

 

Fig. 5. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=1 bar, T=90oC 
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Table III 
Comparison of the fit results under different drying conditions 

Model T, °C Coefficients    

Henderson 
and Pabis 

Model 

Peff=1 bar 
80 a=0.791, k=1.189 0.87890 0.10236 0.00731 
90 a=0.815, k=1.297 0.89573 0.08828 0.00679 
100 a=0.863, k=1.472 0.93366 0.05501 0.00500 

Peff=2 bar 
80 a=0.921, k=2.975 0.94092 0.04775 0.00682 
90 a=0.963, k=3.935 0.96834 0.02152 0.00538 
100 a=0.976, k=4.572 0.98349 0.01243 0.00311 

Peff=3 bar 
80 a=0.905, k=2.106 0.95598 0.04692 0.00391 
90 a=0.915, k=2.193 0.95215 0.03392 0.00485 
100 a=0.944, k=3.040 0.96628 0.02580 0.00430 

Logaritmic 
Model 

Peff=1 bar 
80 ao=0.131, a=0.776, k=2.487 0.91811 0.06629 0.00510 
90 ao=0.123, a=0.791, k=2.462 0.92767 0.05848 0.00487 
100 ao=0.090, a=0.824, k=2.142 0.94498 0.04437 0.00444 

Peff=2 bar 
80 ao=0.106, a=0.872, k=4.914 0.96724 0.02280 0.00380 
90 ao=0.110, a=0.882, k=5.974 0.98598 0.00820 0.00273 
100 ao=0.071, a=0.922, k=5.905 0.99065 0.00593 0.00198 

Peff=3 bar 
80 ao=0.074, a=0.884, k=2.990 0.97151 0.02572 0.00234 
90 ao=0.101, a=0.858, k=3.213 0.96515 0.02350 0.00392 
100 ao=0.089, a=0.891, k=4.322 0.97964 0.01383 0.00277 

Page Model 

Peff=1 bar 
80 k=1.463, n=0.488 0.98443 0.01272 0.00091 
90 k=1.500, n=0.517 0.98428 0.01282 0.00099 
100 k=1.559, n=0.603 0.98321 0.01373 0.00125 

Peff=2 bar 
80 k=2.207, n=0.541 0.99364 0.00448 0.00064 
90 k=2.684, n=3.171 0.94846 0.13012 0.03253 
100 k=2.758, n=2.574 0.98758 0.08745 0.00254 

Peff=3 bar 
80 k=1.915, n=0.625 0.99312 0.00624 0.00052 
90 k=1.923, n=0.632 0.98979 0.00697 0.00100 
100 k=2.358, n=0.641 0.99516 0.00333 0.00056 

Verma et al.  
Model 

Peff=1 bar 
80 a=31.714, k=1.604, g=1.604 0.90287 0.16456 0.01266 
90 a=0.557, k=0.844, g=15.321 0.99451 0.00452 0.00038 
100 a=0.347, k=70.098, g=1.082 0.99457 0.00456 0.00046 

Peff=2 bar 
80 a=35.062, k=3.289, g=3.289 0.94999 0.05408 0.00901 
90 a=0.577, k=2.292, g=26.044 0.99733 0.00157 0. 00052 
100 a=30.485, k=4.680, g=4.680 0.98471 0.01299 0.00433 

Peff=3 bar 
80 a=0.531, k=1.236, g=9.340 0.99519 0.00435 0.00040 
90 a=24.488, k=2.424, g=2.424 0.95777 0.04247 0.00708 
100 a=34.430, k=3.239, g=3.239 0.97048 0.02908 0.00582 

Two Term 
Model 

Peff=1 bar 
80 a1=0.459, k1=17.185, a2=0.541, k2=0.769 0.99581 0.00346 0.00029 
90 a1=0.443, k1=15.324, a2=0.557, k2=0.844 0.99451 0.00452 0.00041 
100 a1=0.347, k1=72.924, a2=0.653, k2=1.082 0.99457 0.00456 0.00051 

Peff=2 bar 
80 a1=0.460, k1=68.016, a2=0.540, k2=1.644 0.99773 0.00161 0.00032 
90 a1=0.423, k1=25.950, a2=0.577, k2=2.292 0.99733 0.00157 0.00079 
100 a1=0.380, k1=72.894, a2=0.620, k2=2.929 0.99899 0.00066 0.00033 

Peff=3 bar 
80 a1=0.470, k1=9.355, a2=0.531, k2=1.236 0.99519 0.00435 0.00044 
90 a1=0.337, k1=80.867, a2=0.663, k2=1.540 0.99686 0.00220 0.00044 
100 a1=0.379, k1=20.993, a2=0.621, k2=1.961 0.99743 0.00177 0.00044 

ANN Model 

Peff=1 bar 
80  0.99734 0.00169 0.00046 
90  0.99941 0.00021 0.00019 
100  0.99684 0.00224 0.00044 

Peff=2 bar 
80  0.99893 0.00086 0.00038 
90  0.99919 0.00054 0.00028 
100  0.99978 0.00018 0.00014 

Peff=3 bar 
80  0.99581 0.00346 0.00059 
90  0.99874 0.00102 0.00047 
100  0.99991 0.00010 0.00008 
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Fig. 6. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=1 bar, T=100oC 

 

 

Fig. 7. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=2 bar, T=80oC 

 

 

Fig. 8. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=2 bar, T=90oC 

 

Fig. 9. Experimental drying behaviour of polyester based yarn 
bobbins and ANN Model results for Peff=2 bar, T=100oC 

 

 

Fig. 10. Experimental drying behaviour of polyester based 
yarn bobbins and ANN Model results for Peff=3 bar, T=80oC 

 

 

Fig. 11. Experimental drying behaviour of polyester based 
yarn bobbins and ANN Model results for Peff=3 bar, T=90oC 
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Fig. 11. Experimental drying behaviour of polyester based 
yarn bobbins and ANN Model results for Peff=3 bar, T=100oC 

NOMENCLATURE 

d - bobbin inner diameter, [mm]  
D - bobbin outer diameter, [mm] 
es - standard deviation, [-] 
H - bobbin height, [mm] 
mr - moisture ratio, [-] 
mrexp - experimental moisture ratio, [-] 
mrpre - predicted moisture ratio, [-] 
M - instantaneous mass, [kg] 
Mo - initial mass, [kg] 
N - number of observations in the model,  
Nc - number of coefficients in the model, 
Peff - effective pressure, [bar] 
r - correlation coefficient, [-] 
T - temperature [oC] 

2 - mean squared deviation, [-] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acronyms 
ANN - artificial neural network 
HT - hyperbolic tangent sigmoid 
LS - logarithmic sigmoid 
MLP - multi layer perceptron 
MSE - mean square error 
PID - proportion integral derivate 
PLC - programmable logic controller 

REFERENCES 
[1] K. Kahveci, A. Cihan – Focus on food engineering 

research and developments. Nova Science Publishers, 
New York, USA, (2007). 

[2] K. Movagharnejad, M. Nikzad – Modeling of tomato 
drying using artificial neural network. Computers and 
Electronics in Agriculture, 59 (1-2), 78-85, (2007). 

[3] G. Page – Factors influencing the maximum rates of 
air-drying shelled corn in thin layers. Unpublished 
MS dissertation, Purdue University, Lafayette, 
Indiana, USA, (1949). 

[4] S.M. Henderson, S. Pabis – Grain drying theory I, 
temperature effect on drying coefficient. Journal of 
Agricultural Engineering Research, 6, 169–174, 
(1961). 

[5] Y.I. Sharaf-Eldeen, J.L. Blaisdell and M.Y. Hamdy – 
A model for ear corn drying. Transactions of the 
ASAE, 23 (5), 1261–1265, (1980). 

[6] A. Cihan, K. Kahveci, O. Hacihafizoglu – Modelling 
of intermittent drying of thin layer rough rice. Journal 
of Food Engineering, 79 (1), 293–298, (2007). 

[7] U. Akyol, K. Kahveci, A Cihan – Determination of 
optimum drying conditions and simulation of drying in 
a textile drying process. Journal of the Textile 
Institute, 104 (2), 170-177, (2013). 

[8] A. Durak – Konvektif bir kurutma prosesinin yapay 
sinir aglari ile modellenmesi. Master’s thesis, Namik 
Kemal University, Tekirdag, Turkey, (2012), in 
Turkish. 

0

0,2

0,4

0,6

0,8

1

0 0,2 0,4 0,6 0,8 1 1,2

m
oi

st
ur

e 
ra

tio

time, h


