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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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COMMON APPROACH TO THE CALCULATION  
OF HYDRAULIC RESISTANCE OF A TUBE BANK OF CONTACT  

AND SURFACE HEAT EXCHANGERS 
 
 
Abstract. Heat and mass transfer processes and apparatus are widely used at the enterprises of chemical, oil 

refining, petrochemical, gas processing, metallurgical, food, chemical-pharmaceutical and energy industries in 
Kazakhstan, as well as in the agro-industrial complex, building materialsproduction, dust and gas collection systems.  

The existing designs are being constantly modernized, withthe new ones being created. The known methods of 
heat and mass transfer intensification are the operating and the design ones. As the research has shown, the most 
promising method of design intensification is the method, using the laws of vortex interaction of flows.Due to the 
scientifically substantiated choice of distances between the turbulence creating elements, depending on their shape 
and size, it is possible to change the phase interaction modes at a constant flow rate or to improve the mass and heat 
transfer characteristics due to the vortex mixing within a single phase. 

There has been done the analysis of the known data on streamlining around the packing elements,arranged 
along and across the flow,with thecalculated dependences given for determination of the vortex interaction degree in 
the vertical and radial directions. On the basis of the laws of interaction of vortices, being formed during 
streamlining around regularly arranged packing elements, there has been created a class of apparatus with different 
types of regular packing. 

The established regularities and calculated dependencies have been used in thecommon approach to the 
calculation of hydraulic resistance of contact heat and mass transfer and surface heat exchangeapparatus. 

Key words: regular packing, vortices, vertical pitch, radial pitch, in-phase operation, vortex interaction degree, 
hydraulic resistance, contact apparatus, surface apparatus.  

 
Introduction.Heat and mass transfer processes and apparatus are widely used at the enterprises of 

chemical, oil refining, petrochemical, gas processing, metallurgical, food, chemical-pharmaceutical and 
energy industries in Kazakhstan, as well as in the agro-industrial complex, building materials production, 
dust and gas collection systems. However, a large variety of applied designs does not always meet the 
production requirements. One of the main reasons of the iridle and unprofitable work is that the 
technology and technique applied have high material and energy indices. The latter index is of great 
importance under modern conditions of market economy. 

According to [1], when creating the new technique and technology, it is necessary to proceed from 
the promising directions of scientific and design work in the specific field of knowledge with taking into 
account the real conditions and requirements to the operation and manufacturing of the design. Besides, 
when predicting the appearance of the designed object, it is necessary to proceed from the assessment of 
positive and negative features of the known analogues. 

There are two approaches to the heat and mass transfer intensification: the operating and the design 
ones. 
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In the first one the key parameter is the flow rate increase.This direction promoted the creation of co-
current flow motion apparatus, which has caused the sharp and unjustified increase in energy costs. In 
recent years in Kazakhstan there are being carried out the studies [2,3] for purposive control of physical 
and chemical properties of interacting phases to increase the efficiency of heat and mass transfer 
processes. 

Thekey parameters of  the design approach are the contact device’s size, shape and arrangement of 
elements. This direction has been first developed in the scientific school of the South-Kazakhstan State 
University named after M.O.Auezov. It is based on the scientific discoveries[4,5]. It is a promising 
method of intensifying the heat and mass transferand gas-cleaning apparatuses. Thus, it appeared that due 
to the scientifically substantiated choice of distances between the turbulence creating elements, depending 
on their shape and size, it is possible to change the phase interaction modes at a constant flow rate.The 
example of  realizing this task is the created class of apparatus with a regular movable packing. Such 
devices out-perform greatly the widely applied designs of heat and mass transfer apparatus because of low 
power capacity and high efficiency of the ongoing processes due to the fact that they are based on the 
principle of creating the in-phase operation of interacting phases. 

Research methods. Toper form the studies of hydraulic resistance, the method of direct 
measurement was used, with applying the well-type manometer and the micro manometer. 

Research results. With in the work, carried out byus, the  re have been performed the studies of 
hydraulic resistance (ΔP) across the tube bank of regular structure, depending on the operating and design 
parameters, which are compared with the data, received in papers [1,6,7]. Depending on the gas flowrate, 
there have been determined three hydrodynamic modes: film-dropping, dropping (of a developed 
turbulence) and splash carrying away modes. 

There sults of studiesof hydraulic resistance, depending on the pitches of tube arrangement in the 
vertical and radial directions, are given in Figures 1 and 2.  
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Δ – ΔР[17];  – ΔР[7]; □ – ΔР (our data) 

 

Figure 1 – Dependence of hydraulic resistance Δ Ponthe pitches of tube arrangement in the vertical direction /вt в 
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Radial pitchtр/в 

Δ – ΔР[17];  – ΔР[7]; □ – ΔР(our data) 
 

Figure 2 – Dependence of hydraulic resistance Δ Ponthe pitches of tube arrangement in the radial direction /рt в 

 
As it can be seen from Figure 1, when changing the pitches of tube arrangement in the vertical 

directiontв/d from 2 to 5, the curve has two extrema ontв/d=2 and 4. A to ther pitch values there is a 
decrease in the values of Δ P. 

When changing the pitches of tube arrangement in the radial directiontр/d from 1.5 to 2 (Figure 2), the 
values of hydraulic resistance decrease sharply, and aftertр/d = 2 this decrease is not great. The 
explanation for this is as follows.  

In papers [1,8,9-11] the vortex interaction mechanisms have been studied in the layer of a ball 
packing,  prismatic packing elements and plates. It is known that behind the spherical bodies there are 
formed the toroidal vortices, and their separation occurs symmetrically. Behind the plates, prismatic 
bodies with a round, square, х-shaped, triangular and other section there is a non-symmetrical separation 
of vortices. Unlike the vortex trail, generated behind the sphere, having a period of motion, the trace 
behind the plates and prismatic bodies has additionally a half-period. In there sult of this, the packing 
elements, arranged with a pitch half less than in the symmetrical separation,will form vortices  
simultaneously. 

To determine the degree of interaction of vortices, formed behind the packing elements, arranged 
along the way of the flow motion with a pitch tв, there is derived an equation [1,8]: 

 

 

0,85 0,15sin 4 1
2

в
в

k

t S

m в




  
      


.   (1) 

 

By processing the results of studies of hydrodynamic parameters and the analysis of data, presented 
in papers [1,8,12-14], we have derived the equations to determinemk: 

 

 m c ek
t bb  ( )/1 ,   (2) 

 
whereс – the coefficient, found by the processing of experimental data of  hydrodynamic and mass 
transfer characteristics (for example, for ballsс=0,868; cylindersс=0,487; rotating plate elements of a 
round shapeс=0,54, of a square shapeс=0,326). 
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The Strouhal number S , include dinto equation (1), set supa close relationship between the vortex 
separation frequency f, flow rate WГand body width b, and within a certain range of Reynolds numbers it 
is a constant value, depending only on the geometric shape of the streamlined body. For balls S =0,183, 
for cylinders S = 0,2, for plates S =0,1370,157. 

The importance of considering the influence of the pitch of the stream lined solid bodies’ 
arrangement nearby across the streamlined flow (tр) is marked in papers [1,8,11,15,16]. Inpaper [5] there 
is determined a certain critic al distance between solid bodies, the excess of which results in the formation 
of vortices with a frequency, depending on the characteristic size of streamlined bodies. The arrangement 
of solid bodies at adistance less than the critical one results in the fact that the vortex separation frequency 
is determined not by the size of streamlined bodies, but by the size of a clearance, formed by the elements, 
adjacent in the transverse direction. The smaller the gap, the greater the frequency of vortex formation and 
separation. The growing number of vortices, generated with small clearance values causes the 
considerable consumption of flow energy. 

According to [5,8],  the bodies, arrange dinoneline, perpendicularly to the streamlined flow, initiate 
the generation of vortices of the size . Forthebodies, arranged discretely inoneline, perpendicularly to the 
streamlined flow, there are possible two cases: in the first one the size and frequencyof vortices are 
determined by the body’s width (attp2dp=dp), while in the second one - by the size of clearance between 
the bodies (attp<2dp=tp–dp). 

From the condition of parallel vertical jets interaction nit follows that the coefficient, characterizing 
the degree of vortex interaction in the radial direction, with taking into account the change in the vortex 
formation frequency, рcan be determined by the formula: 

 

 pp

p
р dt

t







  (3) 

 
Among the devices with regular arrangemen to packing elements there searchers’ attention is 

attracted by the apparatus with a tubular packing. The particularity of the developed and studied design of 
the apparatus with a tubular packing of regular structure is that it enables to regulate the heat exchange 
process directly in the contact zone during the supply of a heat transfer fluid to the tubes. The contac the 
reoccurs through the walls of tubes, and the heat transfer fluid’s movement does not affect the 
composition of the gas-liquid layer in the apparatus. 

The apparatus with a tubular packing of regular structure belongs to a large group of direct contact 
type heat exchange apparatuses. 

The flow pressure losses, spent by formation and interaction of vortices in the apparatus tube bank, 
by change of  the gas flow direction, by friction of gas on the surface of packing elements and the liquid 
film, can be calculated by the following dependence [1,6,7,8]: 

 

 

2
г г

2
02L L

в

WH
P

t





    ,  (4) 

 

whereН – the packing height, m; - the gasdensity, kg/m3; Wг– the gasvelocity, m/s;  - there sistance 
coefficient,  taking into account the pressure losses by vortex interaction in the vertical and radial 
directions, by friction of gas on the surface of packing elements and the liquid film;  - the porosity of 
the packing line 

 

  (5) 
 
By processing the experimental data  [6,7,17] there have been derived the almost identical 

calculated dependences to determine the coefficients : 
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0,10,25 ReL в p ж      ,  (6) 

 
In formula (6) Reж – the Reynolds number: 
 

 Reж= 
ж

эквж


dU 

,  (7) 

 

where =L/3600 – the fluidvelocity, m/s; – the coefficient of kinematic fluid viscosity, m2/s; L – the 
spraying density, m3/m2h; dэкв – the equivalent packing diameter, m. 

To calculate the pressure loss by friction on the shell sides of the surface heat exchanger, the 
equations that take into account the design and regime parameters are proposed in [18-20]. We have 
derived the equation, structurally similar to equation (4): 

  (8) 

 
Here D – the apparatus inner diameter, m;  – the tubes arrangement pitch along the way of a 

moving flow. 

To calculate the coefficient , we have derived the equation, taking into account the vortex 

interaction degree when streamlining the tubes along the way of and across the moving flow: 
 

  (9) 

 

Coefficients and in the equation are calculated by formulae (1) and (3). 
Conclusions. There are described and experimentally proved the interaction mechanisms of vortices, 

formed behind the tubes in the vertical and radial directions. There is shown the presence of in-phase 
modes, when changing the vertical pitches, as well as the importance of the critical pitch in the radial 
direction, differentiating the two mechanisms of vortex formation. 

With using the common approach, there are derived the equations for calculation of hydraulic 
resistance of contact and surface apparatus, with taking into account the vortex interaction degree. 
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