Hydrodynamics of cotton filtration drying
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The movement of the gas flow through the porous structure of the material is a problem of
hydrodynamics. The intensity of heat and mass transfer during the drying process determines the rate
of thermal agent movement relatively to the elements of the porous layer. In this paper, the
experimental results regarding the pressure loss in a layer of cotton fiber during filtration drying are
presented. Under the action of pressure difference the effect of the cotton fiber layer height on the
porosity, equivalent diameter, through which the thermal agent is filtered, the specific surface area and
the pressure loss was analytically determined.
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Introduction

It is known [1-4] that cotton, namely cotton fiber, is widely used in various industries:
chemical, automotive, aviation, for the production of wool and materials for industrial and
household use. Cotton fiber is also used as new, non-traditional material, such as reinforcing
composites, geotextiles, individual absorbents, etc. [5]. Since the 1940s, the world consumption
of cotton has been steadily increasing by 2% per year [6]. Approximately 20 million tonnes of
raw cotton is produced worldwide each year. As a result, approximately 6,5-7 million tonnes of
cotton fiber is produced. When processing raw cotton in order to obtain more efficient and high
quality fiber, its moisture content should be within 8-9%, and this demand requires drying of
freshly picked cotton [7]. Therefore, modernization of cotton processing is extremely important
for the development of Kazakhstan's economy.

According to its structure, raw cotton is a heterogeneous material, which consists of three
main components - the cotton fiber itself, the peel and the seed kernel. Cotton seeds are used to
produce oils, lubricants, soaps, glycerin, stearin, ethyl and methyl alcohols, citric and acetic acids
and many other products [8]. In general, raw cotton is a colloidal capillary-porous material
containing all kinds of moisture [9, 10], the removal of which consumes a considerable amount
of energy.

Cotton fiber is a thermolabile material and contains mainly bound moisture. It is important
to choose the optimum drying mode to prevent fiber break and reduction of fiber length [11].
The analysis of literature data [9-12] makes it possible to conclude that there is no
comprehensive and systematic approach to intensify the drying processes of wet cotton fiber.

Object and research methods. The object of the experimental studies was freshly
harvested cotton fiber. The chemical composition is: 95-98% of cellulose, about 1% of minerals,
the rest is natural waxes, fats and proteins. JSM-6490LV raster electron microscope was used to
determine the average size of cotton villi.

More than 100 samples of randomly selected cotton fibers were analyzed. The cotton fiber
under study (Fig. 1) consists of thin villi with a length of 25 - 45 mm, an average width of 24.8
um (170 mtex) and an average thickness of 4.51 um. The cotton fiber density is 1520 kg/m3.
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Fig. 1. Images of individual villi of cotton fiber (x1000)

The experimental part.
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All experiments were performed with corresponding aliquots of cotton fiber. Taking into
account that the moisture content of natural cotton fiber is negligible (0.08-0.12 kg H20/kg
dry.mat. ) and the moisture is mainly bound one, for the gas flow temperature T = 293 K and
relative humidity ¢ = 60% its evaporation will also be negligible (the time of the experiment was
90 - 120 s, the weight loss of the sample during the experiment was less than 0.2%). So, the
influence of moisture evaporation on the pressure loss was neglected.
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Fig. 2. The dependence of the pressure loss in
the cotton fiber layer on the fictitious filtration
rate of the thermal agent at different weight of

the samples
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Fig. 3. The dependence of the cotton fiber
layer porosity on the fictitious filtration rate

for Fig. 2)

of the thermal agent (symbols are the same as



Experimental results of the thermal agent filtration through a layer of cotton fiber of
different weights are presented in the form of functional dependence AP = f(vo) and are shown in
Fig. 2.

The analysis of Fig. 2 shows that the curves are parabolic, that is, the pressure loss in the
cotton fiber layer is affected by both viscous and inertial components. The change in the layer
porosity depending on the fictitious filtration rate of the thermal agent ¢ = f(vo) is shown in Fig.
3.

Conclusion.

Obtained dimensionless dependence allows to predict the energy costs necessary to create
the pressure difference (under the same hydrodynamic conditions); it is suitable during the
design of new drying equipment. The dependence can be used when technological parameters
need to be changed, for example, the height of the cotton fiber layer or the filtration rate of the
thermal agent. The error between theoretically calculated values and experimental data does not
exceed 14.2%, which is quite acceptable for the design of new drying equipment.
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