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Экспериментально исследована кинетика сушки плотной шерстяной ткани при 

различных температурных режимах, определены массопроводные свойства ткани в зави-

симости от ее влагосодержания и температуры сушильного агента. Данные по теплофи-

зическим характеристикам объектов сушки, в том числе по коэффициентам массопро-

водности, необходимы для расчета кинетики процесса сушки. Сведения о коэффициентах 

массопроводности отсутствуют для многих материалов, в том числе для тканей, по-

скольку их экспериментальное определение затруднительно. Экспериментальные иссле-

дования кинетики конвективной сушки плотной шерстяной ткани проводились на спе-

циально созданной установке в условиях, исключающих внешнее диффузионное сопротив-

ление. Для расчета коэффициентов массопроводности использовался зональный метод 

определения концентрационной зависимости коэффициента массопроводности из кри-

вых кинетики сушки, полученных при различных температурах. Установлен нелинейный 

характер зависимости коэффициента массопроводности от влагосодержания матери-

ала и температуры сушильного агента. Для удобства инженерных расчетов полученные 

данные по коэффициентам массопроводности аппроксимированы формулами, выражаю-

щими их зависимость от влагосодержания материала и температуры. Проведено сопо-

ставление коэффициентов массопроводности, рассчитанных зональным методом по экс-

периментальным кривым кинетики сушки, с коэффициентами массопроводности, рас-

считанными с применением полученной зависимости коэффициентов от влагосодержа-

ния материала и температуры сушильного агента. Показано хорошее качество аппрок-

симации экспериментальных кривых, полученных для коэффициента массопроводности 

в данном исследовании, и применимость последней для расчетов. Полученные данные по 

кинетическим коэффициентам массопроводности могут использоваться при расчете ки-

нетики процесса сушки различных плотных шерстяных тканей. 
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коэффициенты массопроводности 
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The kinetics of drying dense woolen fabric under various temperature conditions was ex-
perimentally investigated. The mass-conducting properties of the fabric were determined depending 
on its moisture content and the temperature of the drying agent. Data on the thermophysical char-
acteristics of drying objects, including mass conductivity coefficients, are necessary for calculating 
the kinetics of the drying process. Information on mass conductivity coefficients is not available 
for many materials, including fabrics, since their experimental determination is difficult. Experi-
mental studies of the kinetics of convective drying of dense woolen fabric were carried out on a 
specially created installation under conditions excluding external diffusion resistance. To calculate 
the mass conductivity coefficients, a zonal method was used to determine the concentration depend-
ence of the mass conductivity coefficient from the drying kinetics curves obtained at different tem-
peratures. The nonlinear nature of the dependence of the mass conductivity coefficient on the mois-
ture content of the material and the temperature of the drying agent is established. For the conven-
ience of engineering calculations, the obtained data on the mass conductivity coefficients are ap-
proximated by formulas expressing their dependence on the moisture content of the material and 
temperature. The coefficients of mass conductivity calculated by the zonal method using experi-
mental curves of drying kinetics are compared with the coefficients of mass conductivity calculated 
using the obtained dependence of the coefficients on the moisture content of the material and the 
temperature of the drying agent. The good quality of the approximation of the experimental curves 
obtained for the mass conductivity coefficient in this study and the applicability of the latter for 
calculations are shown. The obtained data on the kinetic coefficients of mass conductivity can be 
used to calculate the kinetics of the drying process of various dense woolen fabrics. 
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INTRODUCTION 

The drying process of textile materials is one 

of the main processes in the chemical technology of 

their finishing, including the finishing of dense woolen 

fabrics. Drying of dense woolen fabrics is carried out 

mainly by convective method in continuous dryers [1]. 

Increasing the efficiency and calculation of the energy-

intensive drying process in the chemical technology of 

finishing production of the textile industry is one of the 

urgent tasks [2-3]. To calculate the kinetics of the dry-

ing process, data on the thermo physical characteristics 

of drying objects are needed, including data on mass 

conductivity coefficients (moisture diffusion), depend-

ing on the moisture content of the material and on the 

drying temperature [4-7]. Due to the difficulty of ex-

perimentally determining the mass conductivity coef-

ficients, there is no information about them for many 

materials, including fabrics. 

RESULTS AND DISCUSSION 

The purpose of this work is an experimental 

study of the kinetics of the drying process of a typical 

dense woolen fabric and the determination of mass 

conductivity (diffusion) coefficients depending on the 

moisture content of the material and the temperature of 

the drying agent.  

The object of the study was a dense woolen 

cloth - technical instrument cloth with a surface density 

of M = 445 g/m2. The fabric consists of 100% merino 

wool fiber not lower than the 64th quality, the thick-

ness of the fabric is 1.2 mm, the weave is plain, the 

normalized conditioned humidity is 13.0%. Drying in 

industrial conditions is carried out byit is carried out by 

the convective method in continuous drying and drying 

machines. During drying, it is not allowed to extract 

the fabric and shrink it in width.  

Experimental studies of the kinetics of convec-

tive drying were carried out on a laboratory installa-

tion, shown in Fig. 1, under conditions excluding ex-

ternal diffusion resistance, to determine the mass con-

ductivity coefficient at different temperature regimes. 

The installation includes an air thermostat 

(drying chamber) 1, inside which there is a working 

channel 2, a measuring cell 3 with a fabric sample, a 

centrifugal fan 4 that creates a recirculating air flow 

within its speeds of 0.5-10 m/s, an electric heater 5 for 

heating the air to a certain temperature (in the limits of 

30-200 °C), thermostat 6, electronic scales 7 brand 

PRLT company Techniport for weighing tissue sam-

ples with an error of 1 mg. Bypass air ducts 8 with ad-

justable air flow serve (if necessary) for partial air re-

newal inside the thermostat. The air velocity blowing 

through the tissue sample is measured by a thermoan-

emometer with an error of 0.05 m/s), the temperature 

is measured by a thermocouple of the HC brand with a 

secondary device 2 TRMOA (error - 0.2 °C). 

 

 
Fig. 1. Diagram of a laboratory installation for convective dry-

ing: 1 – air thermostat; 2 – working channel; 3 – measuring cell; 

4 – fan; 5 – heater; 6 – temperature controller; 7 – electronic scales 

Рис. 1. Схема лабораторной установки для конвективной 

сушки: 1 – воздушный термостат; 2 – рабочий канал; 3 – из-

мерительная ячейка; 4 – вентилятор; 5 – калорифер; 6 – тер-

морегулятор; 7 – электронные весы 

 

The initial moisture content in the experiments 

for all tissue samples was the same u0 = 2.12 kg/kg. 

The initial temperature of the material was 25 °C. The 

temperature of the drying agent tc varied in accordance 

with the experiments in the range of 60-150 °C. The 

prepared tissue samples were subjected to longitudinal 

blowing by a recirculating closed-loop air flow at a speed 

of vc = 10 m/s, at which the external diffusion resistance 

is removed. The air in the working chamber was con-

tinuously drained using silica gel. The tissue samples 

were oriented in a cell for longitudinal blowing with a 

flow of coolant (air). During the measurements, the 

coolant was cut off by a flap and the weight of the sam-

ple was determined for 3-4 s on electronic scales with 

an accuracy of 0.001 g.  

Fig. 2 shows experimental kinetics curves of dry-

ing technical instrument cloth at different temperatures. 

In the work, to determine the mass conductiv-

ity coefficient, a method was used to determine the 

concentration dependence of the mass conductivity co-

efficient from the drying kinetics curve [7-10], using 

which the dependences k = f(u,t) were obtained. In [9], 

a modernized method for determining the concentra-

tion dependence of the mass conductivity coefficient 

was developed, which does not require the exclusion 

of external diffusion resistance, which greatly simpli-

fies the experiment.  
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Fig. 2. Experimental drying curves of a sample of technical instru-

ment cloth with dimensions of 50 × 80 mm. The blowout is longi-

tudinal along the long side of the sample. The temperature of the 

coolant is 1 – 150 °C, 2 – 130 °C; 3 – 110 °C; 4 – 90 °C; 5 – 60 °C. 

The speed of the coolant is 10 m/s 

Рис. 2. Экспериментальные кривые сушки образца техниче-

ского приборного сукна с размерами 50 × 80 мм. Обдув про-

дольный по длинной стороне образца. Температура теплоно-

сителя 1 – 150 °С, 2 – 130 °С; 3 – 110 °С; 4 – 90 °С; 5 – 60 °С. 

Скорость теплоносителя – 10 м/с 

 

 
Fig. 3. Dependence of the mass conductivity coefficient on the 

moisture content during convective drying of a sample of tech-

nical instrument cloth with dimensions 50×80×2 mm for the 

speed of the drying agent vc = 10 m/s at different values of its 

temperature: tc = 150 °C - 1; 130 °C - 2; 110 °C - 3; 90 °C – 4; 

60 °C - 5. Markers – experiment, continuous lines – calculation 

according to the approximating formula (1) 

Рис. 3. Зависимость коэффициента массопроводности от вла-

госодержания при конвективной сушке образца технического 

приборного сукна с размерами 50×80×2 мм для скорости су-

шильного агента vс =10 м/с при различных значениях его темпе-

ратуры: tc = 150 °C - 1; 130 °C - 2; 110 °C - 3; 90 °C – 4; 60 °C - 5. 

Маркеры – эксперимент, непрерывные линии – расчет по ап-

проксимирующей формуле (1) 

 

The nonlinear nature of the dependence of the 

mass conductivity coefficient k on the moisture content 

of the material and the temperature of the drying agent 

ec is established. Using the least squares method, the 

functional dependence k (u, tc) is obtained: 

   cc ttuk 02448.0exp(00439.0,  

02238.0)8069.0  u .         (1) 

The sum of the squared deviations of the cal-

culated data from the experimental data was < 0.02 for 

normalized values.  

Fig. 3 illustrates the good quality of the ap-

proximation of the family of curves obtained for the 

mass conductivity coefficient k in this study. 

Fig. 4 illustrates a decrease in the mass con-

ductivity coefficient with a decrease in the moisture 

content of the fabric, which is most significantly man-

ifested at higher temperatures of the drying agent. 

 

 
Fig. 4. The dependence of the mass conductivity coefficient on 

the moisture content and temperature of the drying agent during 

convective drying of a piece of technical instrument cloth with dimen-

sions of 50×80×2 mm at the speed of the drying agent vc = 10 m/s. 

Markers are an experiment, continuous lines are calculated ac-

cording to the approximating formula (1) 

Рис. 4. Зависимость коэффициента массопроводности от вла-

госодержания и температуры сушильного агента при конвек-

тивной сушке образца технического приборного сукна с разме-

рами 50×80×2 мм при скорости сушильного агента vс = 10 м/с. 

Маркеры – эксперимент, непрерывные линии – расчет по ап-

проксимирующей формуле (1) 

 

The presence of the concentration dependence 

of the coefficient of mass permeability at different tem-

peratures of the drying agent allows in many cases to 

carry out kinetic calculation and numerical modeling 

of the drying process based on mathematical models 

[7-12]. The obtained results can be used to analyze and 

calculate the kinetics of convective drying of fabrics, 

taking into account the experimentally justified de-

pendence of the mass conductivity coefficients on the 

moisture content of the material and the temperature of 

the drying agent, to predict the kinetics of convective 

drying of dense woolen fabrics. 

The analysis and kinetic calculation of the dry-

ing process of various materials based on mathematical 

models is carried out in a number of works [7, 8, 11, 

13-16], while there is not enough work on drying flat 

textile materials and fibers [17-22]. Accumulation and 

systematization of data on drying kinetics and mass 
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conductivity coefficients for various fabrics will ex-

pand the practical use of mathematical methods for cal-

culating and analyzing the kinetics of their drying. 

CONCLUSIONS 

The analysis and kinetic calculation of the con-

vective drying process of flat textile materials requires 

the accumulation and systematization of data on ther-

mophysical characteristics for different fabrics, which 

will expand the use of mathematical methods for cal-

culating the kinetics of drying. 

Experimental laboratory studies of the kinetics 

of drying a typical dense woolen fabric - technical in- 

strument cloth at various temperature conditions were 

carried out. Experimental data on the mass conductiv-

ity coefficient were obtained, analyzed and approxi-

mated. The obtained dependences of the mass con-

ductivity coefficient on the moisture content of the 

material and the temperature of the drying agent can 

be used to calculate the drying kinetics of various 

dense woolen fabrics. 
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