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Abstract. In this article, the influence of the relative air velocity and 
temperature on the moisture transfer rate for raw cotton is studied. At 
relative air velocities varying from 0.05-0.6 m/s using a laboratory setup 
and different temperatures of the drying agent and humidity of raw cotton, 
the dependences characterizing the process of moisture sampling and 
desorption (drying) of raw cotton, as well as the diffusion process 
occurring inside the sample, are obtained. 

1 Introduction 

It is known that, depending on the state of moisture in the material and the possibility of its 
removal, there are free and hygroscopic, as well as excess and equilibrium moisture. Free 
moisture is determined by the well-known formula [1, 3]. 

 
𝑈𝑈𝑐𝑐𝑐𝑐 = 𝑈𝑈 − 𝑈𝑈ℎ    (1) 

 
Here, 𝑈𝑈ℎ is maximum hygroscopic moisture content of the material 

𝑈𝑈 is total moisture content of the material 
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Fig. 1. Laboratory installation for the determination of moisture sampling: 1 is hot air supply pipe, 2 
is samplle support case, 3 is wet cotton basket, 4 is counterweight, 5 is needle valve, 6 is waste 
moisture. 

Wet material can release moisture by evaporating it under certain conditions into the 
environment, but it can also absorb moisture from the environment. When drying raw 
cotton, excess moisture is mainly absorbed, consisting of free and part of the hygroscopic 
moisture. The study shows that excess moisture leads to a loss of fiber quality and reduced 
machine performance, and low humidity can lead to fiber breakage and difficult operation. 
The rate of moisture transfer from raw cotton depends on the speed of air. It is known that 
moisture, like most other vapor and liquid mixtures, is transferred from an area with high 
pressure (or concentration) to an area with a lower vapor pressure potential [2, 4]. 

The transfer rate depends on the gradient and flow resistance between the two regions. 
This gradient can be enhanced by increasing the temperature and removing stagnant air 
from the layer. In most cases, in cotton gins, when drying raw cotton, an increased speed is 
used to increase the moisture intake. But it always does not give a positive result due to the 
high density of wet cotton [5-7]. 

2 Methods 

The purpose of this study was to determine the effect of the relative speed of the drying 
agent and the density of raw cotton on the rate of moisture extraction and desorption 
(drying)at a certain temperature. The volume flow rate of hot air passing over the image 
through it and around it varied 50-120 cm3/s-1. Depending on the sample holder used, the 
relative air velocity through the tube varied from 0.05-0.6 m/s. Figure 1 shows the 
installation for determining the effect of density on the moisture sampling process.  

The unit consists of 2 chambers: upper and lower, which has an air intake pipe 1, a wire 
to support the sample 2, a basket for wet raw cotton 3 and an outlet pipe 6 for exhaust air, a 

2

E3S Web of Conferences 264, 04008 (2021)	 https://doi.org/10.1051/e3sconf/202126404008
CONMECHYDRO - 2021



 
Fig. 1. Laboratory installation for the determination of moisture sampling: 1 is hot air supply pipe, 2 
is samplle support case, 3 is wet cotton basket, 4 is counterweight, 5 is needle valve, 6 is waste 
moisture. 

Wet material can release moisture by evaporating it under certain conditions into the 
environment, but it can also absorb moisture from the environment. When drying raw 
cotton, excess moisture is mainly absorbed, consisting of free and part of the hygroscopic 
moisture. The study shows that excess moisture leads to a loss of fiber quality and reduced 
machine performance, and low humidity can lead to fiber breakage and difficult operation. 
The rate of moisture transfer from raw cotton depends on the speed of air. It is known that 
moisture, like most other vapor and liquid mixtures, is transferred from an area with high 
pressure (or concentration) to an area with a lower vapor pressure potential [2, 4]. 

The transfer rate depends on the gradient and flow resistance between the two regions. 
This gradient can be enhanced by increasing the temperature and removing stagnant air 
from the layer. In most cases, in cotton gins, when drying raw cotton, an increased speed is 
used to increase the moisture intake. But it always does not give a positive result due to the 
high density of wet cotton [5-7]. 

2 Methods 

The purpose of this study was to determine the effect of the relative speed of the drying 
agent and the density of raw cotton on the rate of moisture extraction and desorption 
(drying)at a certain temperature. The volume flow rate of hot air passing over the image 
through it and around it varied 50-120 cm3/s-1. Depending on the sample holder used, the 
relative air velocity through the tube varied from 0.05-0.6 m/s. Figure 1 shows the 
installation for determining the effect of density on the moisture sampling process.  

The unit consists of 2 chambers: upper and lower, which has an air intake pipe 1, a wire 
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counterweight 4 and a needle valve. Hot air enters the upper part of the chamber and passes 
around the sample before being released into the atmosphere. 

The flow rate was controlled by needle valves 5 and measured with an anemometer 
AM-1 with an accuracy of 0.03 cm3/s. The air temperature in the study was 400C, 500C, 
600C. When selecting and testing laboratory samples, we followed the methods provided 
for by the current requirements of O'ZDST 642-2013 and O'ZDST 644-2006, as well as 
using the-HVI system. Samples of different varieties were selected for the study. To control 
the air temperature, SIM-12 H temperature sensors were used with an accuracy of 0.2 0C, 
located higher from the sample [9-11]. 

The air entered the upper part of the chamber and passed around the sample before 
entering the atmosphere. Preliminary a priori surveys of specialists and experiments have 
shown that the density of raw cotton significantly impacts the drying rate and its humidity. 
Therefore, a sample mass in the range of 50 to 100 g was selected for the experiment, 
providing a density range of 0.5 to 2.8 g cm-3.The samples were placed in a basket chamber 
and kept until the test temperature was affected to a dry state[12-14]. 

During the required time, they were exposed to a temperature at different air speeds. 
The moisture content of raw cotton will approach equilibrium due to the diffusion process. 
The equation of the diffusion process can be written through a three-dimensional equation 
[10, 15]. 

 
𝜕𝜕𝜕𝜕
𝑑𝑑𝑑𝑑

= 𝑘𝑘 𝜕𝜕2𝑐𝑐
𝜕𝜕𝜕𝜕2

+ 𝜕𝜕2𝑐𝑐
𝜕𝜕у2   

𝜕𝜕2с
𝜕𝜕𝑧𝑧2

   (2) 
Here,  
c is water vapor concentration 
𝜃𝜃 is time 
k is diffusion coefficient 
x, y, and z are Deckard coordinates. 
These equations can be simplified by using Newman [3] equation for gases. 
 

𝑀𝑀−𝑀𝑀Е
𝑀𝑀0−𝑀𝑀Е

= 𝛽𝛽 ⌊1
𝛼𝛼
𝑒𝑒−𝛼𝛼𝛼𝛼𝛼𝛼 + 1 

𝛾𝛾
𝑒𝑒−𝛾𝛾𝛾𝛾𝛾𝛾 + 1

−𝜂𝜂
𝑒𝑒−𝜂𝜂𝜂𝜂𝜂𝜂⌋    (3) 

 
Where from 
M is moisture content of raw cotton 
M0 is initial moisture content of raw cotton 
МЕ is intermediate moisture content of raw cotton (at equilibrium) 
β is 6/π; 8/π for spherical and 4 for flat and cylindrical (for calculations 0.7346, 0.8687 and 
4.564 were accepted) 
α is 1 and 5, 78, 31 for spherical and flat and cylindrical 
D is the diffusion coefficient, min-1 
𝛾𝛾 is the coefficient that takes into account the air density (for calculations 4.9 and 30.4 are 
accepted) 
𝜂𝜂=9.25 and 74, 89 for flat and cylindrical 

Based on the results of the experiments, we get the following dependencies. 

3 Results and Discussion 

Based on the results of the experiments, I will use the program Matlab for a flat and 
spherical environment. The dependences of the characterized process of moisture sampling 
are obtained: 
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Fig. 3 Dependence of the moisture intake of raw cotton on the speed of the drying agent at a 
temperature of 500C 

 
Fig. 4. Dependence of the moisture intake of raw cotton on the speed of the drying agent at a 
temperature of 600C 
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Fig. 5 Dependence of the moisture intake of raw cotton on the speed of the drying agent at a 
temperature of 700S 

The analysis of the obtained dependences in figure 2, 3, 4 shows that the relative rate of 
moisture transfer for raw cotton during the hydration phase may have a negligible effect 
during the drying phase. The graph shows that the relative velocity has some influence on 
the rate of moisture extraction [16, 17] 

 From the curve, it can be seen that first, the process of moisture extraction goes in the 
form of a straight line In, and then passes into the curve, i.e. at the beginning of the drying 
process does not depend on humidity and is a constant value. The first critical point A 
indicates the end of the period of constant speed occurs after 75 seconds at a humidity of 
12.8% of the beginning of the period of falling speed. Hence, it can be seen from the graph 
that during the period of the falling velocity, there is a second point, the so-called singular 
B, showing the zone of external and internal diffusion [18 - 20]. 

During the period of constant speed, when at 50 0С, the moisture content decreases from 
14% to 
by V=0.2 m/s W=13.2% 
by V=0.4 m/s W=12.8% 
by V=0.6 m/s W=11.9% 
If the temperature of the drying agent is 60 0C, the moisture content of the material is 
reduced from 14% to 
by V=0.2 m/s W=12.8% 
by V=0.4 m/s W=12.1% 
by V=0.6 m/s W=11.3% 

If the temperature of the drying agent is 70 0C, the moisture content of the material is 
reduced from 14% to 
by V=0.2 m/s W=12.3% 
by V=0.4 m/s W=11.8% 
by V=0.6 m/s W=10.6% 
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4 Conclusions 

Thus, the results were obtained at the relative speed of the drying agent, varying from 0.2 to 
0.6 m/s for the agent. As expected, the temperature had a pronounced effect on the moisture 
content of raw cotton at different temperatures of the drying agent. An increase in the 
relative speed of the drying agent increased the rate of moisture transfer. However, cotton 
seeds and fibers exposed to hot air showed no visible changes in structural properties. Thus, 
the relative speed and temperature of the drying agent has a significant impact on the 
moisture content of cotton and the quality of the fiber, that is, its effect on the cleaning and 
ginning process, which should be further studied. 
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