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CALCULATION OF HYDRAULIC RESISTANCE 
DURING FILTRATION DRYING OF RAW COTTON

Abstract. Textile, non-woven and other fiber materials have a great importance in the modern world economy. 
Cotton is one of the most valuable raw materials for the production of various industrial, food and household 
products. The movement of a gas stream through a porous structure of a material is a mixed problem of 
hydrodynamics. However, there are no theoretical foundations for the mixed hydrodynamic problem today. In this 
article, we propose the use of a filtration method for drying raw cotton and calculating the hydraulic resistance. To 
describe the hydrodynamics of gas movement through the porous structure of the material in scientific articles, the 
authors use theoretical dependencies of internal or external problems. Given that the intensity of heat and mass 
transfer determines the speed of movement of the heat agent relative to the elements of the porous layer, this paper 
presents the results of studies of pressure losses in the layer of cotton fiber from the point of view of the internal 
problem of hydrodynamics. Experimental studies on filtration of a heat agent through a stationary layer of cotton 
were conducted. due to the difference in bulk weight and different heights of the layer, they were represented as a 
functional dependence ЛР= f(v0). The results obtained in dimensionless form allow us to predict the energy costs of 
creating a pressure drop (under the same hydrodynamic conditions) when designing a new drying equipment.

Keywords:cotton fiber, hydrodynamics, filtration drying, hydraulic resistance, porosity, active specific surface 
of the layer.

In troduction.A ccording to the State program o f  industrial-innovative development o f  Kazakhstan for 
2020 - 2025, a stable growth and competitiveness o f  the manufacturing sector will be achieved by creating 
a technologically advanced industry, the transformation and digitalization o f  the basic assets o f 
functioning enterprises, focused on the creation o f  medium-and high-tech products with subsequent access 
to the global markets [1]. By 2021, the acreage o f  cotton in South Kazakhstan region is expected to 
increase by 100 thousand hectares, yield -  3000 kg/ha, and cotton production to 300 thousand tone/year. 
Therefore, high-quality storage and processing o f  raw cotton are the main factors. W hen processing raw 
cotton to obtain a more efficient and high-quality fiber, its humidity should be in the range o f 8-9% [2,3]. 
In order to boost the cotton and textile industries o f Kazakhstan, The law «on the developm ent o f  the 
cotton industry» was adopted, and the free economic zone «Ontustik» was created for 2005-2030, which 
will contribute to the revival and development o f  the textile industry in Kazakhstan [4] .

A t the present, the properties o f  raw materials deteriorate in cotton processing plants when using 
drying drums o f  type 2SB-10, SBT, SBO. As a result o f  subsequent technological processes, the fiber 
grade is reduced by 25%  through mechanical action, a lot o f  energy is spent, the color o f  the fiber is lost, 
and the fiber twists, and the fiber m icrostructure deteriorates [5].

In the cotton-growing regions o f  Central A sia and Kazakhstan, drying drums o f  type 2SB-10, SBT, 
and SBO are mainly used for drying raw cotton, and various methods and drying devices are used for 
drying food and vegetable raw materials [6 -8 ], which are not acceptable for drying raw cotton.
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For this reason, experimental and theoretical studies o f  cotton drying, reducing the cost o f  
technological processes for processing cotton fiber and improving their quality characteristics are o f 
urgent importance for the economy o f  Kazakhstan. The integration o f  new highly efficient and resource- 
saving technologies for processing cotton raw materials into a finished product o f  high quality will be 
competitive not only in the domestic but also in foreign markets.

Analysis o f  literature sources [9-13] allows us to conclude that there is no comprehensive and 
systematic approach to the intensification o f drying processes o f  wet cotton fiber, given that it contains 
mainly bound moisture, is a thermolabile material, and the drying process takes place in the second period.

Choosing the drying mode for raw cotton depends on the following param eters: color, fiber length, 
type o f  mechanical damage, and so on. During drying o f  raw cotton, it is important to choose the optimum 
mode o f  drying, since inadequate drying parameters, there is a fiber breakage, reducing its length, 
resulting in reduced fiber quality [2,3].

E xperim en ta l p a r t  and  descrip tion  of the  installation.Theoretical analysis and design o f drying 
systems are complicated by a num ber o f  factors, in particular, simultaneous heat and mass transfer to the 
surface and inside the material, moisture transfer within the material, while there are more than twenty 
different types o f  mechanisms for transferring moisture in a solid. Changes in the moisture content and 
temperature o f  the material are determined by heat and mass transfer between the surface o f  the body, the 
environment and the interior o f  the m aterial to be dried.

To realize the process o f  drying raw cotton, as noted above, the industry uses drum type dryers and 
fluidized bed dryers, which are energy-consuming and expensive. Therefore, we had the task to develop a 
new type o f  dryer that will reduce the energy costs o f  the drying process.

Generalization o f  the results o f  experimental and theoretical studies o f  hydrodynamics and heat and 
mass transfer during filtration drying o f  raw cotton allowed us to propose a design o f  a drying plant that 
takes into account the physical and mechanical properties o f  raw cotton, improve the method for 
calculating the main structural dimensions o f  this installation and calculate the optimal technological 
parameters o f  the therm al agent.

W e suggest using the concept o f  a drum-type filtration drying device for drying raw cotton 
(figure 1) [14].

Figure 1 -  The installation of the filtration drying of drum-type:
1 -  bunker, 2 -  proportioner, 3 -  vibrator, 4 -  springs, 5 -  drying chamber, 6  -  perforated drums, 7 -  partition wall,

8  -  perforated sheets, 9 -  brushes, 10 -  spring-loaded lid, 11 -  perforated sleeves, 12 -  warming system, 13 -  container
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Installation for the filtration drying o f raw cotton consists o f  a bunker 1 which serves to feed a raw 
and in the lower part it includes a proportioner 2 and the vibrator 3, and the bunker 1 is m ounted on a 
spring 4. The lower part o f  the hopper 1 is attached to the drying cham ber 5 in which is placed parallel to 
the perforated drums 6  with a perforated sleeve 11. The perforated drums 6  with a partition 7. W arming 
system o f  heating agent 12 is located inside drying cham ber 5. The outside o f  the perforated drum is 
equipped with 8  removable perforated sheets. Brushes 9 are installed on the drum 6  in the dry material 
discharge zone. In the lower part o f  the drying chamber 5, a spring-loaded lid 10 is installed, which serves 
for automatic unloading o f  dry material into the container 13. The Perforated drums are connected to the 
vacuum line through perforated sleeves 11. Container 13 is intended for dry material.

The installation works as follows. Include a vibrator 3 and a vacuum line, so that the heat agent passes 
through the perforated sheets 8 , which ensure uniform drying o f  the material and facilitate the changeover 
o f  the installation for a different type o f  material, or for a different humidity. The air is heated directly in 
the drying chamber 5 by the warming system 12, which is placed directly in the drying chamber, which 
makes it possible to reduce heat loss to the environment. Due to the fact that the perforated sheets are 
washed by the am bient air, their tem peratures are approximately equal to the am bient temperature.

Turn both the reels 6  and brush 9. The w et material enters the hopper 1 and with a dispenser 2 is fed 
to the drying chamber 5 into two o f  the perforated drum 6 , between which the partition wall 7 and which 
rotate in opposite directions. Partition 7 serves to form a uniform layer o f  dispersed material. Due to the 
rarefaction, the wet m aterial is firmly pressed against the perforated surface o f  the drum and rotates along 
with it in the direction shown in figure 1. 9 Brushes are used to clean the perforated partition from dry 
material particles. To prevent the hanging o f  wet material due to caking or compaction, and the formation 
o f  a so-called funnel, a vibrator 3 is installed on the hopper 1. The Amplitude and frequency o f  vibration 
o f  the vibrator 3 is set experimentally depending on the humidity and adhesive properties o f  the material 
being dried. Container 13 is intended for unloading dry m aterial from the drying zone [14].

T heoretica l p a r t  and  discussion of resu lts. One o f  the high-intensity methods o f  removing both free 
and bound moisture is the m ethod o f  filtration drying o f  materials. This is due to the fact that during 
filtration drying, the heat agent is filtered through the porous structure o f  the wet material, which is placed 
on the perforated partition in the direction «wet material -  perforated partition». The speed o f  movem ent 
o f  the heat agent in the pores and channels o f  a stationary layer o f  w et m aterial determines the thickness o f 
the boundary layer (hydrodynamic, thermal and diffusion) and, accordingly, the values o f  the heat and 
mass transfer coefficients. In addition, the surface o f  heat and mass transfer is the total surface o f  the pores 
and channels through which the heat agent is filtered. The filtration rate o f the heat agent is determined 
based on technical and economic considerations, taking into account that its increase affects the growth o f 
pressure loss. Moreover, the actual speed o f  m ovem ent o f  the heat agent relative to the layer elements is 
significantly higher than in the case o f  drying by any other methods (in the fluidized bed, during drying in 
pneumatic transport dryers, etc.). The large surface o f  heat and mass transfer and the speed o f  the heat 
agent in the pores and channels o f  the stationary layer o f  wet m aterial provide high coefficients o f  heat and 
mass transfer and, accordingly, the intensity o f  the filtration method o f  drying [15].

A t the same time, the total energy consumption for the filtration drying process consists o f  pressure 
losses in the stationary layer and heating o f  the heat agent (air) to a set temperature. Given the above, it is 
im portant to establish the dependence o f  pressure losses in a stationary layer o f  wet cotton fiber on the 
fictitious filtration rate o f  the heat agent, as an im portant factor determining the intensity and economic 
efficiency o f  filtration drying.

The m ovem ent o f  a gas flow through a porous structure o f  a m aterial is a m ixed problem  o f 
hydrodynamics. However, there are no theoretical foundations for a mixed problem o f  hydrodynamics 
today. to describe the hydrodynamics o f  gas m ovem ent through a porous structure o f  a m aterial in 
scientific articles [9-13], the authors use theoretical dependencies o f  the internal or external 
problem.Given that the intensity o f  heat and mass transfer determines the speed o f  m ovem ent o f  a heat 
agent relative to the elements o f  a porous layer, in this paper we present the results o f  theoretical studies o f  
pressure losses in a layer o f  cotton fiber from the point o f  view o f  the internal problem o f 
hydrodynamics.The m ovem ent o f  a gas stream through a porous structure o f  a m aterial is a m ixed problem 
o f  hydrodynamics. However, there are no theoretical foundations for the m ixed hydrodynamic problem 
today. To describe the hydrodynamics o f  gas movem ent through the porous structure o f the material in 
scientific articles [9-13], the authors use theoretical dependencies o f  the internal or external problem.

------- 13 6 --------



ISSN 2224-5286 Series chemistry and technology. 3. 2020

Given that the intensity o f heat and mass transfer determines the speed o f movement o f the heat agent 
relative to the elements o f the porous layer, in this paper we present the results o f theoretical studies of 
pressure losses in the cotton fiber layer from the point o f view of the internal problem of hydrodynamics.

As shown by the researches, the stationary layer o f cotton fiber during the application o f a pressure 
drop, to ensure the appropriate filtration rate o f the heat agent, due to the slight stiffness o f individual 
randomly placed fibers in the experimental container, changes its height. This leads to a change in the 
equivalent diameter o f the channels through which the heat agent moves, the porosity o f the layer and, 
accordingly, the actual speed.Changing the actual filtration speed of the gas flow leads to an increase in 
the pressure loss in the layer AP and the height o f the cotton fiber layer H-to an increase in the volume 
densityp(. Thatis:H =  /(Д Р); de = /(Д Р );  £ =  /(Д Р); pt = /(Д Р );  ДР =  f ( v ) .  At the same time, the 
only constant values are the weight o f the fiber attachment and Gv =  constv and the outer surface o f all 
cotton fibers F =  const.

The pressure loss in a porous stationary layer is determined based on the well-known Darcy- 
Weisbach dependence, because it takes into account all possible experimental variables [15,16]:

ДР =  X
н p'V

2
( 1 )

where h  -  is the coefficient of hydraulic resistance o f the layer; AP -  pressure loss in the material layer, 
Pa; H  -  layer height, m; de -  equivalent diameter, m; p  -  the density o f the gas flow, kg  /  m3; v  -  the 
actual speed of the gas flow, m/s.

4-si
d P =  — , (2 )

where £t -  isthe porosity of the layer, m3/m3; a -  active specific surface of the layer, m2/m3; We define the 
initial specific surface of the fibera0, which depends on the initial height o f the stationary layer o f cotton 
fiber and its volume:

an = Hn-S (3)

where Ho -  is starting height o f the cotton fiber layer, m; S  -  cross-sectional area o f the experimental 
container, m2.

To define the starting specific surface area o f all cotton fibersa0assume that there are N identical 
fibers o f lengthLv in the experimental container. Then the outer surface o f all particles can be represent as:

F =  2 - ( a  +  b ) - L v -N, (4)

where а and b -  the middle width and thickness o f the cotton lint, respectively,m.
Knowing the specific density o f the cotton fiberpv and the weight o f the hitch Gv we find the volume of 

the cotton fiber:

V =  ^  =  a - b - L v -N,
Pv

where we define number of lints N:

so the surface o f all the cotton lints:

N = Gv
Pv  • b  • ̂ v

F =  2 • (а +  b) -  Lv Gv
Pv • Lv

2 ^ (a + f t ) 'G y  

p v  • a -b

(5)

(6) 

(7)

We define the starting and current specific surfaces o f a conditionally stationary layer o f cotton fiber, 
which is located in the experimental container, as the ratio o f the total surface to the volume:

a n = S-Hr,
2 • (a+ft) ■ Gy 
pv • a• b' S • H0’

and the active specific surface of the cotton fiber is represented as:
H0a =  a0 —  u н

( 8 )

(9)
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where a0, a -  starting and active specific surfaces o f the fiber layer, m2/m3; Ho -  starting height o f the fiber 
layer, m; H -  current height of the fiber layer, depending on the pressure loss, m.

So:
a =  a0 • — =  2<a+b)'G« • g° =  2<a+b>Gv ( 1 0 )

u H pv-a-b-S-H0 H pv-a-b-S-H v '

Let's express the weight o f the cotton fiber attachment in terms of its volume and specific density:

Gv =  V - p v =  Hv - S- pv (11)

where Hv -isthe height o f the fiber layer with densitypv, m.
Then the active specific surface o f a conditionally stationary layer o f cotton fiber can be represented

as:
^ _ 2'(a+ft)'Gy _ 2'(а+Ь)'Ну‘ S'pv _ 2-(а+Ь) Hv (12)

pv• a-b-S-H pv• a-b-S-H a-b H ’

and then equation (2) can be written as:
d e = ± 4  =  2_a± e ± ^ ,  (13)

a  ( a + Ь )  Hv

and equations (1) using (13) can be represented as:

ДP =  X н Р'у2 = \  н '(а+Ю'Иу Р'У2 (a+b)-Hv p-v2 ( )
1 de 2 1 2-a-b-H-£i 2 1 2-a-b-£[ 2 ' '

It is known that the coefficient o f hydraulic resistance o f the porous layer £ is defined as a part o f the 
speed pressure, that is, equation (14) can be represented as [17-20]:

ДР =  £ ^  =  £ - 0  (15)

where £ -  is the coefficient o f hydraulic resistance of the porous layerf =  v°~ fictitious heat

agent filtration ratev0 =  v ■ s, M /  С .
Approximation o f experimental information by a power function allowed us to receive the following 

calculated dependence:
£ =  £0 • 0̂_0 025 (16)

The absolute value o f the maximum relative error between the experimental data and the theoretically 
calculated data does not exceed 5.6%.

Generalization o f experimental data on the hydrodynamics o f filtering a thermal agent through a 
stationary layer o f cotton was carried out in the form of dimensionless complexes£u =  f(R e e), and 
dependence o f the hydraulic resistance coefficient o f the layer (f =  /(R e e)as functions o f the Reynolds 
number:

Eu =  84000 • Re"118, (17)

where Ree -  is the equivalent value o f the Reynolds number.

Ree = ^ ,  
e  ц

where ц  -  is coefficient o f dynamic viscosity o f the gas flow, P a  ■ s ;
The coefficient o f hydraulic resistance o f the cotton fiber layer was calculated based on experimental 

data from equation (15). Approximation of experimental information by a power function allowed us to 
receive the following calculated dependence:

 ̂ =  160000• Re"116 (18)

Comparing the proportion of experimentally determined values o f pressure losses in a conditionally 
stationary layer o f cotton fiber to those theoretically calculated based on the dependence (17) on the 
Reynolds number, the absolute value o f the relative error does not exceed 14.2%, which is explained by 
the complex structure and spontaneity o f the formation of a stationary layer o f cotton fiber, as well as the 
impact o f the pressure drop on the height o f the layer.

13 8
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Conclusion.Received in dimensionless form, the calculated dependence (17) makes it possible to 
predict the energy costs o f  creating a pressure drop (under the same hydrodynamic conditions) when 
designing a new drying equipment, and the dependence ( 1 8 ) is convenient to use during the operation o f 
the drying plant when it is necessary to change the technological parameters o f  the process, that is, to 
change the height o f  the cotton fiber layer or the filtration rate o f  the therm al agent.The Error between the 
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for 
the design calculations o f new drying equipment. Obtained in dimensionless form the calculated 
dependence ( 1 7 ) gives the possibility to predict the energy cost o f  creating the pressure differential (with 
the same hydrodynamic conditions) when designing new drying equipment, and the dependence ( 1 8 ) it is 
convenient to use during operation o f  the dryer when you need to change the process parameters, that is, 
change the height o f  the layer o f  cotton fibers or the filtration rate o f  the heat agent.The error between the 
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for 
design calculations o f  new drying equipment.
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ШИТТ1 МАКТАНЫ CY3in КЕПТ1РУ БАРЫСЫНДА 
ГИДРАВЛИКАЛЫК КЕДЕРГ1Н1 ЕСЕПТЕУ

Аннотация. ^ и р п  замангы элемдж экономикада токыма, токылмаган жэне баска да талшьщты материалдарды 
улкен мацызга ие. Макта -  турл1 енеркэсш, азык-тулж жэне турмыстык ен1мдерд1 енд1ру ушш шиюзаттын кунды туршщ 
б1р1. Шитга мактаны кептару режимш тандау TYсi, талшыж;тын узындыгы, механикалык закымдану TYрi жэне т.б. 
керсеткштерге байланысты болып келеда. Шиттi мактаны кептiру барысында кептарудщ онтайлы режимiн тандаган 
манызды, ейткенi кептiрудiн параметрше сэйкес келмесе талшык узшш, узындыгы кыскарады, нэтижесшде талшыктын 
сапасы темендейдi.

0 неркэс1пте ш и т  мактаны кептiру Yдерiсiн iске асыруда барабан TYрiндегi кептiргiштер мен энергия шыгыны, 
кайнаган кабаттын кымбат кептИргитп колданылады. Сондыктан кептiргiштiн жана TYрiн эзiрлеудi мшдет етiп алдык, 
ейткеш ол Кептiру Yдерiсiне энергетикалык шыгындарды азайтуга мумкшдак бередi.

Шиттi мактаны CYзiп кептiру кезiнде гидродинамика мен жылу жэне масса алмасудын эксперимент™ жэне 
теориялык зерттеулершщ нэтижелерш корыту ш и т  мактанын физикалыж;-механикалык касиеттерiне сай кептiру 
кондыргысынын курылымын усынуга, осы кондыргынын негiзгi конструктивтж елшемдерш есептеу эдютемесш 
жетiлдiруге жэне жылу агентшщ онтайлы технологиялык параметрш есептеуге мумкшдак бердi.

Бiз ш и т  мактаны кептруге арналган барабан типтi СYзгiш кептарпш орнатудын принциптi схемасын пайдалануды 
усынамыз, ол еркш эрi байланыскан ылгалдын жогары инсенсивтi эдiсi болып саналады. Бул СYзгiш кептiру кезiнде 
жылу агента «ылгалды материал-перфорацияланган калка «багытында перфорацияланган калка орналаскан ылгалды 
материалдын кеуектi курылымы аркылы CYзiледi. Ылгалды материалдын стационарлык кабат тесiгi мен каналдарындаты 
жылу агентшщ козгалыс жылдамдыгы шекаралык кабаттын калындыгын жэне ттсшше жылу жэне масайналым 
коэффициентгерiнiн мэшн аныж;тайды. Сонымен катар, жылу жэне масса алмасу бетi жылу агента CYзетiн тесiктер мен 
каналдардын жиынтык бетi болып саналады. Жылу агентш CYзу жылдамдыгы онын улгаюы кысымнын жогалуына эсер 
етеганш ескере отырып, техникалыж;-экономикалык пайымдарга CYЙене отырып аныкталады. Сонымен катар, кабат 
элементiне катысты жылу агентiнiн накты козгалыс жылдамдыгы кез келген баска эдютермен кептару жагдайына 
караганда айтарлыж;тай жогары. Жылу жэне масса алмасудын Yлкен бета жэне ылгалды материалдын стационарлык 
кабатынын поралары мен каналдарындагы жылу агентшщ жылдамдыгы жылу жэне масса берудщ жогары 
коэффициенты жэне тиiсiнше кептарудщ CYзу тэсiлiнiн каркындылыгын камтамасыз етеда.

Материалдын кеуектi курылымы аркылы газ агынынын козгалысы гидродинамиканын аралас мшдета болып 
табылады. Алайда гидродинамиканын аралас есебшщ теориялык негiздерi бYгiнде жок. Бул макалада шиттi мактаны 
кептарудщ CYзгiлеу эдiсiн пайдалану жэне гидравликалык кедергiнi есептеу усынылады. Еылыми макалаларда 
материалдын кеуектi курылымы аркылы газ козгалысынын гидродинамикасын сипаттау Yшiн авторлар шю немесе 
сырткы есептщ теориялык тэуелдшггш пайдаланады. Жылу жэне масса алмасу каркындылыгы кеуектi кабаттын 
элементгерше катысты жылу агентшщ козгалыс жылдамдыгын аныж;тайтынын ескере отырып, бул жумыста 
гидродинамиканын iшкi мiндетi тургысынан макта талшыгынын кабатындагы кысым шыгынын зерттеу нэтижелерi 
усынылган. Жылу агентiн мактанын стационарлы кабаты аркылы CYзу ушш эксперименталдык зерттеулер ЖYргiзiлдi, 
ейткенi ушндшщ салмагы мен кабаттын TYрлi бижтагшщ эртYрлiлiгiне байланысты АР= f(v0) функционалдык тэуелдiлiк 
TYрiнде керсетiлдi. Алынган нэтижелер елшемсiз жана кептiру жабдыгын жобалау кезшде кысымнын ауыткуын жасауга 
^рдей гидродинамикалык жагдайда) арналган энергетикалык шыгындарды болжауга мумкшдак бередi.

ТYЙiн сездер: макта талшыгы, гидродинамика, CYзiп кептару, гидравликалык кедергi, кеуектшж, кабаттын белсендi 
беткi кабаты.
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РАСЧЕТ ГИДРАВЛИЧЕСКОГО СОПРОТИВЛЕНИЯ ПРИ 
ФИЛЬТРАЦИОННОЙ СУШКЕ ХЛОПКА-СЫРЦА

Аннотация. Текстиль, нетканые и другие волоконные материалы имеют большое значение в современной мировой 
экономике. Хлопок является одним из наиболее ценных видов сырья для производства различных промышленных, 
пищевых и бытовых продуктов. Выбор режима сушки хлопка-сырца зависит от следующих показателей: цвет, длина 
волокна, типа механического повреждения и тому подобное. Во время сушки хлопка-сырца важно выбрать оптимальный 
режим сушки, поскольку при несоответствующих параметрах сушки наблюдается обрыв волокна, уменьшение его 
длины, в результате чего снижается качество волокна.

Для реализации процесса сушки хлопка-сырца в промышленности используют сушилки барабанного типа и 
сушилки кипящего слоя, которые являются энергозатратными и дорогими. Поэтому перед нами стояла задача 
разработать новый тип сушилки, который позволит снизить энергетические затраты на процесс сушки.

Обобщение результатов экспериментальных и теоретических исследований гидродинамики и тепло - и массообмена 
при фильтрационной сушке хлопка-сырца позволили предложить конструкцию сушильной установки, которая учитывает 
физико-механические свойства хлопка-сырца, усовершенствовать методику расчета основных конструктивных размеров 
данной установки и рассчитать оптимальные технологические параметры теплового агента.

Нами предлагается использование принципиальной схемы установки фильтрационной сушки барабанного типа для 
сушки хлопка-сырца, которая является одним из высокоинтенсивных методов удаления как свободной, так и связанной 
влаги. Это обусловлено тем, что во время фильтрационной сушки тепловой агент фильтруется сквозь пористую 
структуру влажного материала, который размещен на перфорированной перегородке в направлении «влажный материал 
-  перфорированная перегородка». Скорость движения теплового агента в порах и каналах стационарного слоя влажного 
материала определяет толщину пограничного слоя и соответственно значения коэффициентов тепло- и масоотдачи. 
Кроме этого, поверхностью тепло- и массообмена является суммарная поверхность пор и каналов, сквозь которые 
фильтруется тепловой агент. Скорость фильтрации теплового агента определяют исходя из технико-экономических 
соображений, учитывая то, что ее увеличение влияет на рост потери давления. Причем, действительная скорость 
движения теплового агента относительно элементов слоя значительно выше, чем в случае сушки любыми другими 
методами. Большая поверхность тепло- и массообмена и скорость теплового агента в порах и каналах стационарного 
слоя влажного материала обеспечивают высокие коэффициенты тепло - и массоотдачи и соответственно интенсивность 
фильтрационного способа сушки.

Движение газового потока сквозь пористую структуру материала представляет собой смешанную задачу 
гидродинамики. Однако теоретических основ смешанной задачи гидродинамики на сегодня не существует. В этой статье 
предлагается использование фильтрационного способа сушки хлопка-сырца и расчет гидравлического сопротивления. 
Для описания гидродинамики движения газа сквозь пористую структуру материала в научных статьях авторы 
используют теоретические зависимости внутренней или внешней задачи. Учитывая то, что интенсивность тепло- и 
массообмена определяет скорость движения теплового агента относительно элементов пористого слоя, в данной работе 
представлены результаты исследований потерь давления в слое волокна хлопка с точки зрения внутренней задачи 
гидродинамики. Проведены экспериментальные исследования по фильтрации теплового агента сквозь стационарный 
слой хлопка, из-за разности насыпного веса и различных высот слоя представляли в виде функциональной зависимости 
АР= f(v0). Полученные результаты в безразмерной форме позволяют прогнозировать энергетические затраты на создание 
перепада давлений (при одинаковых гидродинамических условиях) при проектировании нового сушильного 
оборудования.

Ключевые слова: волокно хлопка, гидродинамика, фильтрационная сушка, гидравлическое сопротивление, 
пористость, активная удельная поверхность слоя.

Information about the authors:
Alisher Ye. Khussanov, Candidate of technical sciences. Associate Professor of M. Auezov South Kazakhstan State 

University, Shymkent, Kazakhstan. khusanov_1975@inbox.ru, .https://orcid.org/0000-0002-1563-6437;
Volodimir M. Atamanyuk, Doctor of Technical Sciences, Professor of Lviv Polytechnic National University, Lviv, Ukraine. 

atamanyuk@ukr.net, https://orcid.org/0000-0002-8707-2319;
Botagoz M. Kaldybayeva, PhD, Associate Professor of M. Auezov South Kazakhstan State University, Shymkent, 

Kazakhstan, kaldybaeva.b@mail.ru, https://orcid.org/0000-0002-1570-2107;
Arlan Zh. Abilmagzhanov, Candidate of Chemical Sciences, Head of Applied Research laboratory of JSC “D.V. Sokolskiy 

Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan, , arlandez_81@mail.ru, https://orcid.org/0000-0001- 
8355-8031;

Dauren Zh. Janabayev, PhD Doctoral Student M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan. 
janabaev19@mail.ru, https://orcid.org/0000-0001-6522-0536;

Zhakhongir Ye. Khussanov, Candidate of technical sciences. Associate Professor of M. Auezov South Kazakhstan State 
University, Shymkent, Kazakhstan. zhakhangir@mail.ru, https://orcid.org/0000-0001-7482-4828

140

mailto:khusanov_1975@inbox.ru
https://orcid.org/0000-0002-1563-6437
mailto:atamanyuk@ukr.net
https://orcid.org/0000-0002-8707-2319
mailto:kaldybaeva.b@mail.ru
https://orcid.org/0000-0002-1570-2107
mailto:arlandez_81@mail.ru
https://orcid.org/0000-0001-
mailto:janabaev19@mail.ru
https://orcid.org/0000-0001-6522-0536
mailto:zhakhangir@mail.ru
https://orcid.org/0000-0001-7482-4828


ISSN 2224-5286 Series chemistry and technology. 3. 2020

REFERENCES

[1] Gosudarstvennaya programma industrial'no-innovacionnogo razvitiya Respubliki Kazahstan na 2020 - 2025 gody: 
utverzhdena Postanovleniem Pravitel'stva Respubliki Kazahstan 31 dekabrya, 2019, № 1050// 
https://online.zakon.kz/Document/doc_id=32424143. (in Russ.).

[2] Avtonomov A.I., Kaziev M.Z., SHlejher A.I. i dr.(1983) Hlopkovodstvo. Kolos, Moskva. ISBN: 3803030104-089. (in 
Russ.).

[3] Maksudov I.T., Nuraliev A.N. (1994) Spravochnik po pervichnoj obrabotke hlopka. NPO «Hlopkoprom», Tashkent. 
ISBN: 5-8244-1048-8. (in Russ.).

[4] Azhimetova G.N. (2011) Mirovoj opyt i obzor razvitiya hlopkovodstva v Kazahstane. Modern problems of science and 
education [Sovremennye problemy nauki i obrazovaniya]1: 53-58. (in Russ.).

[5] Ibrogimov H.I., Alimardonov K.M., Zul'fanov S.Z., Badalov A.B. (2007) Termodinamicheskie harakteristiki processa 
degidratacii hlopka-syrca. Textile industry technology [Tekhnologiya tekstil'noj promyshlennosti] 4: 19-22. (in Russ.).

[6 ] Umirzakov R., Mukhiddinov D. N., Abdirova M., Ongar B. (2019) Influence on the mode of grain drying in the heat 
generator and combustion products //News of the national academy of sciences of the Republic of Kazakhstan. Series of geology 
and technical sciences. Volume 1, Number 433 (2019), PP.176 -  186. ISSN 2518-170X (Online), ISSN 2224-5278 (Print). 
https://doi.org/10.32014/2019.2518-170X.22 (in Eng.).

[7] Abdizhapparova B. T., Khanzharov N. S., Ospanov B. O., Pankina I. A., Orymbetova G. E. (2019) A way of vacuum- 
atmospheric drying of jerusalem artichoke tubers //News of the national academy of sciences of the Republic of Kazakhstan. 
Series of geology and technical sciences. Volume 6 , Number 438 (2019), PP.165-176. ISSN 2518-170X (Online), ISSN 2224­
5278 (Print). https://doi.org/10.32014/2019.2518-170X.167 (in Eng.).

[8 ] Abdizhapparova B. T., Khanzharov N. S., Ospanov B. O., Pankina I. A., Kumisbekov S., Islam K. S. (2019) Results of 
vacuum-atmospheric drying of large-dispersed food materials //News of the national academy of sciences of the Republic of 
Kazakhstan. Series chemistry and technology. Volume 6 , Number 438 (2019), PP.61 -  69. ISSN 2518-1491 (Online), IsSn 2224­
5286 (Print). https://doi.org/10.32014/2019.2518-1491.75 (in Eng.).

[9] Kale R. D., Bansal P. S., Gorade V. G. (2017) Extraction of Microcrystalline Cellulose from Cotton Sliver and Its 
Comparison with Commercial Microcrystalline Cellulose. Journal of Polymers and the Environment. 26: 355-364. 
doi:10.1007/s10924-017-0936-2. (in Eng.).

[10] Zeng L., Zhao S., He M. (2018) Macro scale porous carbonized polydopamine-modified cotton textile for application a 
selector dein microbial fuel cells. Journal of Power Sources. Number. 376: 33-40. doi:10.1016/j.jpowsour.2017.11.071. (in Eng.).

[11] Wedin H., Niit E., Mansoor Z. A., Kristinsdottir A. R., Dela Motte H., Jonsson C., Lindgren C. (2018) Preparation of 
Viscose Fibres Stripped of Reactive Dyes and Wrinkle-Free Cross linked Cotton Textile Finish. Journal of Polymer sand the 
Environment. 6 : 3603-3612. doi:10.1007/s10924-018-1239-y. (in Eng.).

[12] Cui L., Shi S., Hou W., Yan Z., Dan J. (2018) Hydrolysis and carbonization mechanism of cotton fiber sin subcritical 
water. New Carbon Materials. 33: 245-251. doi:10.1016/s1872-5805(18)60337-3

[13] Lv N., Wang X., Peng S., Luo L., Zhou, R. (2018) Super hydrophobic super ole o phallic cotton-oil absorbent: 
preparation and it supplication in oil-water separation. RSC Advances. 8 : 30257-30264. doi:10.1039/c8ra05420g. (in Eng.).

[14] Atamanyuk V.M., Kindzera D.P., Mosyuk M.I. (2011) Installation of filtration drying of bulk materials [Ustanovka 
fil'tracijnogo sushinnya sipkih materialiv]. Declarative Ukrainian patent for useful model UA-59741 [Deklar. pat. na korisnu 
model' UA-59741] (in Ukrainian).

[15] Atamanyuk V.M., Gumnic'kij YA.M.(2013) Naukovi osnovi fil'tracijnogo sushinnya dispersnih materialiv. Vidavnictvo 
Nacional'nogo universitetu “L'vivs'ka politekhnika”, L'viv.ISBN:978-617-607-397-0. (in Ukrainian).

[16] Atamanyuk V, Huzova I, Gnativ Z. (2018) Intensification of Drying Process During Activated Carbon Regeneration. 
Chemistry&Chemical Technology. 2:263-271. https://doi.org/10.23939/chcht12.02.263. (in Eng.).

[17] Aerov M. E., Todes O. M., Narinskij D.A. (1979) Apparaty so stacionarnym zernistym sloem: Gidravlicheskie i teplovye 
osnovy raboty. M.: Himiya. ISBN: 31402-097-79. (in Russ.).

[18] Hanik YA.M., Rimar T.I., Krekhovec'kij O.M. (2006) Gidrodinamika i kinetika procesu sushinnya glini u shchil'nomu 
shari pid chas ICH-nagrivannya. Scientific herald. Collection of scientific and technical works of NLTU [Naukovij visnik. Zbirnik 
naukovo-tekhnichnih prac' NLTUU]. 16(5): 74-78. (in Ukrainian).

[19] Arun S. Mujumdar.(2015) Handbook of Industrial Drying Fourth Edition. LLC CRC Press is an imprint of Taylor & 
Francis Group, an Informa business, US. ISBN: 978-1-4665-9666-5. (in Eng.).

[20] Belenkaya I.R., Golinskaya Ya. A. (2016) Technological aspects of production of the candied fruits from non- 
traditional raw material. Food science and technology, 10(2): 50-57 DOI: http://dx.doi.org/10.15673/fst.v10i2.156. (in Eng.).

14 1

https://online.zakon.kz/Document/doc_id=32424143
https://doi.org/10.32014/2019.2518-170X.22
https://doi.org/10.32014/2019.2518-170X.167
https://doi.org/10.32014/2019.2518-1491.75
https://doi.org/10.23939/chcht12.02.263
http://dx.doi.org/10.15673/fst.v10i2.156

