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STUDY OF THE INFLUENCE OF OPERATING CONDITIONS ON THE HYDRODYNAMIC 
REGULARITIES OF A REGULAR TUBULAR PACKING

Abstract. Almost all industries use gas cleaning devices for heat and mass transfer and dust collection. 
Currently, a large number of devices have been developed that are used to carry out the processes of absorption, 
rectification, extraction, dust collection, and cooling of gases and liquids. In recent years, devices with a 
regular movable packing of various geometric shapes, developed by Kazakhstani scientists, have been used. 
They significantly surpass the widely used designs of heat and mass transfer devices (plate and packed) due 
to low energy consumption with high efficiency of the processes, due to the fact that they incorporate the 
principle of creating an in-phase mode of interacting phases. For carrying out the processes of gas cleaning 
and contact heat exchange, we have developed a design of a regular structure device with a tubular packing. 
Its peculiarity is that it is possible to regulate the heat exchange process directly in the contact zone when a 
heat carrier is supplied to pipes. To carry out studies of hydrodynamic parameters, a technological scheme 
of a plant with the device with the tubular packing has been developed and methods have been selected. The 
studies of the hydraulic resistance during the heat carrier motion in the pipes showed a stable growth with an 
increase in the heat carrier motion rate. This is due to the friction pressure losses and in local resistances. The 
results of studies of the hydrodynamic parameters with an external flow around a hollow beam showed that 
with an increase in the gas velocity and the amount of liquid supplied for irrigation, the hydraulic resistance 
and the amount of retained liquid increase. A divergence in the hydraulic resistance and the amount of retained 
liquid with an increase in the gas velocity is due to an increase in the dynamic pressure.

Key words: regular tubular packing, pipes, gas velocity, irrigation density, hydraulic resistance, amount 
of retained liquid, in-phase mode.

Introduction. In many industries, such as chemical, metallurgical, some oil and gas processing, etc., 
technological processes contain stages of preliminary cleaning of gases from dust, followed by absorption or 
cooling before being released into the atmosphere [1-5]. 

Currently, a large number of gas cleaning devices have been developed that are used to carry out the 
processes of absorption, rectification, extraction, dust collection, and cooling of gases and liquids. In recent 
years, devices with a regular movable packing of various geometric shapes, developed by Kazakhstani 
scientists, have been used [6, 7]. They significantly surpass the widely used designs of heat and mass transfer 
devices (plate and packed) due to low energy consumption with high efficiency of the processes, due to the 
fact that they incorporate the principle of creating an in-phase mode of interacting phases.

A peculiarity of the design of the regular structure device with the tubular packing developed by us [8] 
is that it is possible to regulate the heat exchange process directly in the contact zone when a heat carrier is 
supplied to pipes. In this case, the contact occurs through the pipe walls and the heat carrier motion in the 
pipes does not affect the gas-liquid layer structure in the device.

Materials and methods. The hydraulic resistance research was carried out using a differential manometer 
and controlled by a DSR-type device. 

The amount of retained liquid, referred to the column section, was determined by the “cutoff” method [9]. 
For this, the gate on the gas path and the valves for supplying the irrigation liquid were simultaneously closed. 
The amount of retained liquid was measured using measuring containers. 

The layer’s gas content was determined by calculation as the ratio of the volume of liquid retained by the 
packing in the device’s contact zone to the contact zone volume. 
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Results. In order to study the influence of operating conditions on the hydrodynamic regularities of the 
regular tubular packing, the experimental plant was created, the technological scheme of which is shown in 
Figure 1.

The experimental plant included a model of a device with a square cross-section (340x340 mm), two 
opposite sides of which are made of organic glass 1, fixed on the cover of the collecting container 14, fan 2, 
air heater 4, pump 5, pressure container 7 for supplying water to the hollow beam 10 with the unit for heating 
water 6, the pressure container 11 for supplying the irrigation liquid to the contact zone of the device through 
the irrigator 9, the intermediate container 13. 

The air flow blown by the fan 2 enters through the air heater 4 and the collecting container 14 into the 
column apparatus 1 with a section of 340x340 mm and a height of the working zone of 1.3 m. Then, passing 
through the hollow beam 10, irrigated with the liquid entering through the irrigator 9, it is discharged into the 
atmosphere. The air flow consumption is regulated by the gate 3 according to the indications of a standard 
diaphragm with a differential manometer. The irrigation liquid from the lower container of the device 14 
through the intermediate container 13 by the pump 12 is supplied to the pressure container 11, from where it 
is fed to the irrigation through the irrigator 9. The water consumption is regulated by the valve 8 according 
to the readings of a rotameter.

liquid were simultaneously closed. The amount of retained liquid was measured using measuring 
containers. 

The layer’s gas content was determined by calculation as the ratio of the volume of liquid 
retained by the packing in the device’s contact zone to the contact zone volume. 

Results. In order to study the influence of operating conditions on the hydrodynamic 
regularities of the regular tubular packing, the experimental plant was created, the technological 
scheme of which is shown in Figure 1.

The experimental plant included a model of a device with a square crosssection (340x340 
mm), two opposite sides of which are made of organic glass 1, fixed on the cover of the 
collecting container 14, fan 2, air heater 4, pump 5, pressure container 7 for supplying water to 
the hollow beam 10 with the unit for heating water 6, the pressure container 11 for supplying the 
irrigation liquid to the contact zone of the device through the irrigator 9, the intermediate 
container 13. 

The air flow blown by the fan 2 enters through the air heater 4 and the collecting container 
14 into the column apparatus 1 with a section of 340x340 mm and a height of the working zone 
of 1.3 m. Then, passing through the hollow beam 10, irrigated with the liquid entering through 
the irrigator 9, it is discharged into the atmosphere. The air flow consumption is regulated by the 
gate 3 according to the indications of a standard diaphragm with a differential manometer. The 
irrigation liquid from the lower container of the device 14 through the intermediate container 13 
by the pump 12 is supplied to the pressure container 11, from where it is fed to the irrigation 
through the irrigator 9. The water consumption is regulated by the valve 8 according to the 
readings of a rotameter.

1 – device with the tubular packing; 2 – fan; 3 – gate; 4 – air heater; 5, 12 – pump; 6 –
heating unit; 7 – pressure container for supplying the heat carrier to the pipes; 

8 – valve; 9 – irrigator; 10 – hollow beam; 11 – pressure container for supplying the 
irrigation liquid; 13 – intermediate container; 14 – collecting container.

Fig. 1. Technological scheme of the plant for the study of hydrodynamic parameters and 
heat and mass transfer characteristics of the device with the tubular packing.

1 – device with the tubular packing; 2 – fan; 3 – gate; 4 – air heater; 5, 12 – pump; 6 – heating unit; 7 – 
pressure container for supplying the heat carrier to the pipes; 

8 – valve; 9 – irrigator; 10 – hollow beam; 11 – pressure container for supplying the irrigation liquid; 13 
– intermediate container; 14 – collecting container.

Fig. 1. Technological scheme of the plant for the study of hydrodynamic parameters and heat and mass 
transfer characteristics of the device with the tubular packing.

 The technological scheme provides for the supply of the heat carrier into the pipe space in a closed circuit, 
including the pump 5, the pressure container 7 with the heating unit 6 and the hollow beam 10.

This scheme made it possible to conduct research for two cases. In the first case, when the air heated in 
the air heater 4 is supplied, the liquid is circulated by a cold heat carrier. In the second case, the heat carrier 
(water) is heated in the pressure container 7 by means of the heating unit 6 and entered the hollow beam 10. 
At that, the gas (air) had an ambient temperature. 

The study of the hydraulic resistance was carried out during the heat carrier motion inside the hollow beam 
pipes and during the interaction of the gas-liquid flow in the regular tubular packing volume (external flow). 

It is known that when the heat carrier moves inside the pipes, the arising resistances are associated with 
friction pressure losses and in local resistances [10].

The main types of local pressure losses can be conditionally divided into the following groups [10]:
- losses associated with a change in the flow cross-section (or, what is the same, its average velocity). 

These include cases of sudden expansion, contraction, and gradual expansion and contraction of the flow; 



153

Reports  of the Academy of Sciences of the Republic of Kazakhstan

- losses caused by a change in the flow direction. These include various kinds of knees, elbows, branches 
used on the pipes;

- losses associated with the flow of liquid through fittings of various types (valves, taps, check valves, 
grids, extractions, throttle valves, etc.);

- losses associated with the separation of one part of the flow from another or the merging of two flows 
into one common. These include, for example, tees, crosses and openings in the side walls of the pipes in the 
presence of a transit flow.

The main operating characteristic that affects the hydraulic resistance in the pipes is the heat carrier motion 
velocity or the Reynolds number Reж. The Reynolds number is a measure of the flow motion turbulence. 
According to the results of numerous studies, it is generally accepted that at Re<2300 there is a laminar flow; 
2300˂Re˂10000 – a transition area; Re˃10000 – a developed turbulent flow. 

Figure 2 shows a graph of the dependence of the hydraulic resistance of the hollow beam Р on the Reynolds 
number Rezh. 

The technological scheme provides for the supply of the heat carrier into the pipe space in 
a closed circuit, including the pump 5, the pressure container 7 with the heating unit 6 and the 
hollow beam 10.

This scheme made it possible to conduct research for two cases. In the first case, when the 
air heated in the air heater 4 is supplied, the liquid is circulated by a cold heat carrier. In the 
second case, the heat carrier (water) is heated in the pressure container 7 by means of the heating 
unit 6 and entered the hollow beam 10. At that, the gas (air) had an ambient temperature. 

The study of the hydraulic resistance was carried out during the heat carrier motion inside 
the hollow beam pipes and during the interaction of the gasliquid flow in the regular tubular 
packing volume (external flow). 

It is known that when the heat carrier moves inside the pipes, the arising resistances are 
associated with friction pressure losses and in local resistances [10].

The main types of local pressure losses can be conditionally divided into the following 
groups [10]:

 losses associated with a change in the flow crosssection (or, what is the same, its average 
velocity). These include cases of sudden expansion, contraction, and gradual expansion and 
contraction of the flow; 

 losses caused by a change in the flow direction. These include various kinds of knees, 
elbows, branches used on the pipes;

 losses associated with the flow of liquid through fittings of various types (valves, taps, 
check valves, grids, extractions, throttle valves, etc.);

 losses associated with the separation of one part of the flow from another or the merging 
of two flows into one common. These include, for example, tees, crosses and openings in the 
side walls of the pipes in the presence of a transit flow.

The main operating characteristic that affects the hydraulic resistance in the pipes is the 
heat carrier motion velocity or the Reynolds number Reж. The Reynolds number is a measure of 
the flow motion turbulence. According to the results of numerous studies, it is generally accepted 
that at Re<2300 there is a laminar flow; 2300˂Re˂10000 – a transition area; Re˃10000 – a
developed turbulent flow. 

Figure 2 shows a graph of the dependence of the hydraulic resistance of the hollow beam 
∆Р on the Reynolds number Rezh.
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Fig. 2. Dependence of the hydraulic resistance during the heat carrier motion in the 
hollow beam pipes ∆Р on the Reynolds number Rezh.
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Fig. 2. Dependence of the hydraulic resistance during the heat carrier motion in the hollow beam pipes Р 
on the Reynolds number Rezh.

Numerous dissertations [11-16] are devoted to the study of the hydrodynamic characteristics of devices 
with a regular packing of various geometric shapes (plate, cylindrical, prismatic with a different cross-section, 
etc.) in a wide range of changes in operating characteristics and design parameters of the packing. The results 
obtained in them are summarized in [17, 18]. On the basis of studying the influence of design parameters, 
the regularities described in [19, 20] were established. It is known that toroidal vortices are formed behind 
spherical bodies located in the flow direction, and their separation occurs symmetrically. Behind the plates, 
prismatic bodies with round, square, triangular and other sections, an asymmetric separation of the vortices 
occurs. In contrast to the vortex track formed behind the sphere, which has a period of motion, the trace 
behind the plates and prismatic bodies also has a half-period. As a result of this, the packed elements, located 
with a pitch less by half than in the case of symmetrical separation, will form vortices at the same time.

It is possible to achieve such an arrangement of the packed elements in the vertical direction, when the 
moments of approach of the vortices formed behind the downstream elements and the moments of completion 
of the formation of vortices behind the upstream packed elements coincide (the mode of simultaneous vortex 
formation or in-phase mode). Achieving the in-phase mode leads to an increase in energy consumption, since 
the increased energy consumption in this mode is associated with the simultaneous separation of vortices 
behind the chain of elements, which causes the maximum reproduction of vortices and the resulting maximum 
energy demand. And, at the same time, the total power of the vortices contributes to more work on crushing 
the irrigation liquid, as a result of which the interphase surface grows and the processes being carried out are 
significantly intensified.

In the radial direction, a certain critical distance between solid bodies is determined, the excess of which 
leads to the formation of vortices with a frequency depending on the characteristic size of the streamlined 
bodies. The arrangement of solid bodies at a distance less than critical leads to the fact that the frequency 
of vortex separation is determined not by the size of the streamlined bodies, however by the size of the gap 



154

ISSN 2224-5227                                                                                                                                    5. 2021

formed by the elements adjacent in the transverse direction. The smaller the gap, the greater the frequency 
of vortex formation and separation. An increase in the number of vortices formed at small values of the gap 
leads to a significant consumption of the flow energy.

According to these regularities, the optimal steps for the pipe arrangement in the hollow beam are – in 
the vertical direction tв/d=2, in the radial direction tр/d=2 (d is the pipe diameter, m). These steps of the pipe 
arrangement were accepted by us when conducting the studies of the hydraulic resistance and the amount of 
retained liquid with the change in operating conditions. 

It is known [12] that for the majority of devices with a regularly placed packing, when the gas flow velocity 
changes, the presence of three modes is characteristic: film-drop, drop and drop entrainment. At the same time, the 
most rational, in terms of the combination of energy consumption and the achieved efficiency, is the drop mode (the 
gas velocity is 2.5-4 m/s) [12].

Our studies of the hydrodynamic characteristics are presented in Figures 3 and 4. 

Experimental conditions: tв/d=2 and tр/d=2, L = 25 m3/m2h
1  Pс; 2  PL; 3  h0.

Fig. 3. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the 
gas velocity wg

Experimental conditions: tв/d=2 and tр/d=2, wg = 4 m/s
1  PL; 2  h0.

Fig. 4. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the 
irrigation density L.

Experimental conditions: tв/d=2 and tр/d=2, L = 25 m3/m2h 1 - Pс; 2 - PL; 3 - h0.
Fig. 3. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the gas

 velocity wg

Experimental conditions: tв/d=2 and tр/d=2, L = 25 m3/m2h
1  Pс; 2  PL; 3  h0.

Fig. 3. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the 
gas velocity wg

Experimental conditions: tв/d=2 and tр/d=2, wg = 4 m/s
1  PL; 2  h0.

Fig. 4. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the 
irrigation density L.

Experimental conditions: tв/d=2 and tр/d=2, wg = 4 m/s 1 - PL; 2 - h0.
Fig. 4. Dependence of the hydraulic resistance PL and the amount of retained liquid h0 on the irrigation 

density L.
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Discussion. As can be seen from the graph (Figure 2), the heat carrier motion in the hollow beam pipes 
is carried out in the transient mode and the developed turbulence mode. In the entire range of variation of 
the Reynolds numbers, a steady increase in the hydraulic resistance is observed. As noted above, the arising 
resistances are associated with friction pressure losses and in local resistances. It is obvious that an increase 
in the heat carrier motion velocity promotes an increase in the hydraulic resistance.

As can be seen from Figure 3, with an increase in the gas flow velocity, the hydraulic resistance and the 
amount of retained liquid increase. It is known that an increase in the hydraulic resistance with an increase in 
the gas velocity is due to an increase in the dynamic pressure. In this regard, the energy costs for overcoming 
the contact zone of the device are growing. An increase in the dynamic pressure also contributes to the 
retention of a larger amount of liquid in the volume of the packing (the curve 2).  

An increase in the irrigation density (Figure 4) leads to an increase in the hydraulic resistance and the 
amount of retained liquid. This is obvious, since a greater amount of liquid is involved in the interaction 
process.

Conclusions. A general analysis of the devices used in the gas cleaning processes is given. The heat 
and mass exchangers with regular packing have been identified according to such indicators as low energy 
consumption and high efficiency of the processes being carried out. For research, the design of the device 
with the tubular packing of the regular structure has been proposed, which makes it possible to regulate the 
heat transfer process directly in the contact zone.

The technological scheme of the plant with the device with the tubular packing has been developed, and 
methods have been selected for conducting the studies of the hydraulic resistance and the amount of retained 
liquid.

The studies of the hydraulic resistance during the heat carrier motion in the pipes have shown a steady 
increase with an increase in the heat carrier velocity. This is due to the friction pressure losses due and in local 
resistances. 

The research results of the hydrodynamic parameters with the external flow around the hollow beam 
showed that with an increase in the gas velocity and the amount of liquid supplied for irrigation, the hydraulic 
resistance and the amount of retained liquid increase. An increase in the hydraulic resistance and the amount 
of retained liquid with an increase in the gas velocity is due to an increase in the dynamic pressure. The 
growth of the studied parameters with an increase in the irrigation density is due to the fact that the amount 
of liquid involved in the process increases.

Funding. This research has is funded by the Science Committee of the Ministry of Education and Science 
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РЕЖИМ ПАРАМЕТРЛЕРІНІҢ ТҰРАҚТЫ ҚҰБЫРЛЫ САПТАМАНЫҢ 
ГИДРОДИНАМИКАЛЫҚ ЗАҢДЫЛЫҚТАРЫНА ӘСЕРІН ЗЕРТТЕУ

Аннотация. Өнеркәсіптің барлық салаларында жылу және масса алмасу процестерін жүргізу 
үшін газ тазарту аппараттары қолданылады. Қазіргі уақытта абсорбция, ректификация, экстракция,  
шаңұстау, газдар мен сұйықтарды салқындату процестерін жүргізу үшін қолданылатын көптеген 
аппараттар әзірленді. Соңғы жылдары қазақстандық ғалымдар әзірлеген әр түрлі геометриялық 
пішіндегі тұрақты жылжымалы саптамасы (ТЖС) бар аппараттар қолданыла бастады. Олар өзара 
әрекеттесетін фазалардың синфазалық режимін құру принципіне негізделгендіктен, жүргізілетін 
процестердің жоғары тиімділігі кезінде энергия сыйымдылығының төмен болуына байланысты 
кеңінен қолданылатын жылу және масса алмасу аппараттарының (табақша және саптама)  
конструкцияларынан едәуір асып түседі. Біз газ тазарту және байланыстық жылу алмасу процестерін 
жүргізу үшін тұрақты құрылымды құбырлы саптамасы бар аппараттың конструкциясын жасадық. 
Оның ерекшелігі-жылу тасымалдағышты құбырларға беру кезінде тікелей байланыс аймағында жылу 
алмасу процесін реттеуге болады. Гидродинамикалық параметрлерді зерттеу үшін құбырлы саптамасы 
бар аппаратпен қондырғының технологиялық сұлбасы жасалды және әдістер таңдалды. Құбырлардағы 



156

ISSN 2224-5227                                                                                                                                    5. 2021

жылутасымалдағыштың қозғалысы кезінде гидравликалық кедергіні зерттеу жылутасымалдағыштың 
қозғалыс жылдамдығының жоғарылауымен тұрақты өсуді көрсетті. Бұл үйкеліс қысымының жоғалуына 
және жергілікті кедергі байланысты. Құбырлы шоғырды сыртқы ағып өтумен гидродинамикалық 
параметрлерді зерттеу нәтижелері газдың жылдамдығы мен суаруға берілетін сұйықтық мөлшерінің 
жоғарылауымен гидравликалық кедергі мен ұсталатан сұйықтық мөлшері өсетінін көрсетті. Газ 
жылдамдығының жоғарылауымен гидравликалық кедергіні мен ұсталынатын сұйықтық мөлшерінің 
өсуі динамикалық қысымның өсуіне байланысты. Суару тығыздығының жоғарылауымен зерттелген 
параметрлердің өсуі процеске қатысатын сұйықтық мөлшерінің артуымен байланысты.

Түйінді сөздер: тұрақты құбырлы саптама, құбырлар, газ жылдамдығы, суару тығыздығы, 
гидравликалық кедергі, ұсталған сұйықтық мөлшері, синфаздық режим.
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ИЗУЧЕНИЕ ВЛИЯНИЯ РЕЖИМНЫХ ПАРАМЕТРОВ НА ГИДРОДИНАМИЧЕСКИЕ 
ЗАКОНОМЕРНОСТИ РЕГУЛЯРНОЙ ТРУБЧАТОЙ НАСАДКИ

Аннотация. Практически во всех отраслях промышленности для проведения процессов 
тепломассообмена и пылеулавливания используются газоочистные аппараты. В настоящее время 
разработано большое количество аппаратов, применяемых для проведения процессов абсорбции, 
ректификации, экстракции, пылеулавливания, охлаждения газов и жидкостей. В последние годы 
находят применение аппараты с регулярной подвижной насадкой (РПН) различных геометрических 
форм, разработанные казахстанскими учеными. Они значительно превосходят широко применяемые 
конструкции тепломассо обменных аппаратов (тарельчатых и насадочных) вследствие невысокой 
энергоемкости при высокой эффективности проводимых процессов за счет того, что в них заложен 
принцип создания синфазного режима взаимодействующих фаз.Нами для проведения процессов 
газоочистки и контактного теплообмена разработана конструкция аппарата с трубчатой насадкой 
регулярной структуры. Ее особенностью является то, что в ней возможно регулирование процесса 
теплообмена непосредственно в зоне контакта при подаче теплоносителя в трубы. Для проведения 
исследований гидродинамических параметров разработана технологическая схема установки с 
аппаратом с трубчатой насадкой и подобраны методики. Проведенные исследования гидравлического 
сопротивления при движении теплоносителя в трубах показали устойчивый рост с увеличением 
скорости движения теплоносителя. Это связано с потерями давления на трение и в местных 
сопротивлениях. Результаты исследований гидродинамических параметров при внешнем обтекании 
трубчатого пучка показали, что с увеличением скорости газа и количества подаваемой на орошение 
жидкости гидравлическое сопротивление и количество удерживаемой жидкости растут. Рост 
гидравлического сопротивления и количества удерживаемой жидкости при увеличении скорости газа 
обусловлен ростом динамического напора.

Ключевые слова: регулярная трубчатая насадка, трубы, скорость газа, плотность орошения, 
гидравлическое сопротивление, количество удерживаемой жидкости, синфазный режим.
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