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Abstract—In this study, a software has been developed to predict 
the optimum conditions for drying of cotton based yarn bobbins in a 
hot air dryer. For this purpose, firstly, a suitable drying model has 
been specified using experimental drying behavior for different 
values of drying parameters. Drying parameters in the experiments 
were drying temperature, drying pressure, and volumetric flow rate of 
drying air. After obtaining a suitable drying model, additional curve 
fittings have been performed to obtain equations for drying time and 
energy consumption taking into account the effects of drying 
parameters. Then, a software has been developed using Visual Basic 
programming language to predict the optimum drying conditions for 
drying time and energy consumption. 
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I. INTRODUCTION 
ARN bobbins must be dried after dyeing processes in 
textile industry. Inevitable after most dyeing or/and 

finishing processes, drying is a time consuming, energy 
intensive and expensive process and constitutes one of the 
major cost elements among the textile finishing operations. 
The purpose of drying is to remove the water inside the 
bobbin. A part of water in the bobbin is removed 
mechanically. But this mechanical process is not sufficient to 
remove water entirely. A convective air dryer is generally 
used after this process to remove water entirely.  

In this study a software has been developed to obtain 
optimum drying conditions for cotton based yarn bobbins. For 
this purpose, firstly, a suitable drying model has been 
specified in defining the drying behaviour of cotton bobbins 
by fitting the model coefficients to the experimental drying 
data. After that, further regression analyses have been 
performed to obtain drying time and energy consumption 
equations depending on the drying parameters. The developed 
software predicts the optimum drying conditions using these 
equations. 
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II. MATERIAL AND METHOD 

The experiments were conducted in a PLC controlled 
pressurized hot-air bobbin dryer. The schematic view of the 
experimental setup is shown in Figure 1. Ambient air is 
directed to an electrical heater by a centrifugal fan and the 
needed air pressure is obtained by a compressor. After the 
heater, air enters to a bobbin carrier system where the bobbins 
are dried. The carrier consists of four parts and four bobbins 
can be placed at each part. So totally, 16 bobbins can be 
placed in the carrier. In the carrier, hot air is passed repeatedly 
10 minutes from inside to the outside of bobbins and 10 
minutes from outside to the inside of the bobbins in radial 
direction. After carrier, drying air 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 carrier is on a load cell. 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 Schematic view of the experimental bobbin dryer 

 
Drying air is heated in a heating exchanger consisting of 10 

electrical resistances of 2.5 kW power. Control of heating 
power is provided by a solid state relay adjusting the phase 
difference of sinusoidal wave. Haters are PID (Proportion 
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Integral Derivate) controlled and temperature adjustment is 
made according to this algorithm. Feedback control is 
provided using a Cu-Ni thermocouple. Four double-acting 
pneumatic pistons with magnetic sensors are used to open, to 
close and to secure the lid of bobbin carrier and to control the 
air redirection valve.  The pistons are driven by air of 4 bar 
pressure with the control of valves by outputs of PLC relays. 

 

 
Fig. 2 Heating exchanger 

 

 
Fig. 3 Air fan 

 

 
Fig 4 .Pneumatic pistons 

 
Relative humidity of the drying air at various locations of 

the system is conveyed to the PLC after measuring it by a 
sensor of 4-20mA output and 0.1 g/m3 accuracy. Hot air 
leaving the bobbin carrier is cooled by a cooling exchanger of 

3.89m2 surface area and 35kW cooling power. After the 
cooling exchanger, drying air enters to a separator to separate 
the excess moisture from the drying air. 
 

 
Fig. 5 Cooling exchanger 

 

 
Fig. 6 Separator 

 
An analogue loadcell with a 500kg capacity is used to 

measure the amount of the water removed from the cotton 
based yarn bobbins. 

 
 

 
Fig. 7 Loadcell 

 
Analogue thermocouples of 3-4mm diameter, 10mm length 

and 4-20A (10 - 350 Ω) output are used to measure the 
temperature of the drying air at various locations of the 
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experimental setup. The temperature at the outlet of separator 
is measured with a PT 100 temperature sensor. 

 

          
         Fig. 8 Thermocouples             Fig. 9 PT100 Temperature sensor 
 

An analogue pressure sensor of 0.5% accuracy and 0-5bar 
capacity is used to measure the pressure of drying air . The 
measured value is conveyed to the PLC using the analogue 
input of the PLC. A casting-bodied, electromagnetic type, 
analogue flow meter of 4-20mA output is used to measure the 
volumetric flow rate of the drying air. 
 

 
Fig. 10 Pressure sensor 

 

 
Fig. 11 Flow meter 

 
 
The control of the drying system is provided by a Siemens 

S7-200 PLC.  By the Ladder diagram of controlling software, 
drying conditions are observed and controlled on a touch-
operated screen. The control panel is shown in Figure 12. 

 
 
 
 
 
 

 

 
 

Fig. 12 Control panel 

III. ANALYSIS 
Four different drying models given in Table 1 are taken into 

account for determination of the most appropriate model for 
simulation of drying of cotton based yarn bobbins. 

 
 

TABLE I 
 DRYING MODELS 

Name Model equation References 
Page   Page (1949) 
Henderson and Pabis  Hend. and Pabis (1969) 
Geometric  Cihan et al. (2007) 
Wang and Singh  Wang and Singh (1978) 

 
mr in the drying models is the moisture ratio defined as: 

 

 
(1) 

 
where m, mo me are the instantaneous, initial and equilibrium 
moisture contents, respectively.  
 

IV. RESULTS AND CONCLUSION 
The dimensions of the bobbins used in the experiments are 
shown in Table 2. The experimental results were obtained for 
drying temperature of 70°C, 80°C, and 90°C, for effective 
drying pressure of 1bar and 2bar, for volumetric flow rate of 
42.5m3/h, 55.0m3/h, and 67.5m3/h per bobbin. Curve fitting 
computations were carried out on the four drying models 
given in Table 1 relating the drying time and moisture ratio. 
The results show that the most appropriate model in describing 
the drying curves of cotton based yarn bobbins is the Page 
model. Additional regression analyses have been carried out to 
obtain equations for drying time and energy consumption 
depending on the drying parameters. The results are shown in 
Table III. 
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TABLE II 
 DIMENSIONS OF THE BOBBINS 

H (cm) d (cm) D (cm) 
10 
14 15.5 5.4 
18 

 
After the equations for drying time and energy consumption 

were obtained, a software was developed using the Visual 
Basic programming language. With the aid of this software, 
optimum drying conditions for drying time and energy 
consumption can be obtained. The main window of the 
developed software is shown in Figure 13. 

 
 

 
Fig. 13 The main window of the developed program 
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The software has three sections. In the uppermost first 

section, there are boxes to input the drying parameters: outer 
diameter of bobbins and volumetric flow rate of the drying air 
per bobbin, effective drying pressure and drying temperature. 
If the calculate button is pressed, drying time and energy 
consumption are calculated by the software for the inputted 
values of the parameters. In the middle second section, 
optimum conditions for drying time and energy consumption 
are shown on the screen for inputted outer diameter of bobbin 
after the calculate button is pressed. In the under most third 
section, optimum conditions for drying time and energy 
consumption are shown on the screen for inputted outer 
diameter of bobbin and volumetric flow rate of drying air per 
bobbin after the calculate button is pressed. In the software 
developed, the coefficients in the equations for drying time 
and energy consumption are assigned to the elements of a 
matrix as shown in Figure 14. The calculation procedure for 
the optimum drying conditions is shown in Figure 15. 
 

 
Fig. 14 Coefficients of the equations 

 

 
 

Fig. 15 Calculation procedure of optimum drying conditions 
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