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Annotation. This issue of using certain part of the kinetic energy of the flow for imparting vibration 
for special local turbulators (LT), consisting of an elastic thread with strung on it through a certain 
distance volume elements (made of a special material)  of various geometric configuration 
installed in the tubes of the heat exchanger with fixing one end of the thread at the inlet, and the 
other end remains free. The results of numerical and experimental studies are presented, which 
show the effectiveness of the use of LT for intensifying the processes of hydrodynamics and heat 
transfer. 

Introduction 
Analysis of known sources on the topic under study 

allows us to note many effective methods for 

intensifying heat transfer, such as: artificial turbulization 

of the flow in the near-wall zone using various methods 

(transverse protrusions and grooves, stamping on ribs, 

pipe finning and threading, twisting flow inside coiled 

oval pipes using twisted tapes and screw inserts; 

controlled separation of the boundary layer in the 

transverse flow of tube bundles and a combination of 

intensification methods [1,2,3,4,5,6]. Intensification of 

heat transfer in flows fluid due to turbulization is usually 

accompanied by an increase in the hydraulic resistance 

coefficient. Obtaining the ratio Nu / NuSS> �/�SS  

(thermal power and hydraulic resistance, ss - smooth 

surface) allows to reduce the volume of the apparatus 

and its cross-sectional area [7,8,9]. Also known are the 

results of research on hydrodynamics and heat transfer 

when flowing around a surface with dimples. Such 

surfaces are characterized by the relative depth and 

diameter of the hole, as well as the density of the 

location of the holes and the tightness of the channel. 

Smoothing the edges of the dimples leads to a decrease 

in the hydraulic resistance of the channels with dimples 

[10,11]. The vibration of the heat exchange surface 

intensifies the heat transfer, however, along with this, 

the heat exchanger itself is subjected to vibration and its  
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reliability necessary to take into account not only the 

efficiency, but also the manufacturability and 

contamination of the surface. of operation decreases. 

When choosing a method for intensifying heat transfer, 

it is 

Physical model and hydrodynamic principles 
LT consists of an elastic wire 1 and hollow elements 2 

strung on it at a certain distance (Fig. 1.). The LT is 

inserted into the heat exchanger tubes with one end 

attached at the tube inlet. The other end of the wire 

remains free. 

 

 
 

Figure: 1. A tube with local turbulators: 1 - elastic wire; 

2 - elements of LT; 3 - tube; 4 - direction of movement 

of raw water 
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The coolant flow 4, washing the surface of the elements 

2, pulls the wire back to a certain distance, and the wire 

elastic force, exceeding the kinetic energy of the fluid 

flow, returns the hollow elements back to their original 

position. Then, under the action of the kinetic force of 

the flow, the wire starts to tighten again and when the 

elastic force becomes greater than the force of the flow, 

the wire takes on its original shape. Thus, the wire with 

empty-body elements makes a forward-reverse motion. 

In addition, the hollow elements under the action of the 

flow and due to the geometric shape make a transverse 

movement inside the tube. The superposition of the 

forward-backward and transverse motion gives the LT 

vibration. The vibration frequency of the hollow 

elements depends on the elasticity of the wire, on the 

specific gravity of the hollow elements, their external 

configuration, as well as on the flow rate of the coolant. 

The creation of flow turbulization with the use of LT 

consumes some of the kinetic energy of the fluid flow. 

When using forced turbulization, of particular 

importance is the hydraulic resistance provided by the 

LT to the fluid flow, which requires research to 

determine the rational relationships between the 

Reynolds and Nusselt criteria and to compare the 

efficiency of the developed LT design with known 

modern designs [12,13,14 ,15].

Computer modeling and numerical analysis 
A numerical study of the turbulization of coolant flows 

with the help of LT in the tubes of the heat exchanger 

was carried out, where the parameters of the operating 

experimental setup were taken as the initial data for the 

calculation: internal diameter of the tube - 20 mm; tube 

length 400–1100 mm; coolant speed 0.01–0.15 m / s. In 

a computer model, 4 different designs of local 

turbulators are investigated. Taking into account the 

accepted parameters of the installation, a computer 

Figure: 2. Distribution of the velocity field, V [m / s] 

model was compiled in the Comsol Multiphysics 

software environment with the conditions of an 

incompressible fluid and wall impermeability. The 

Figure: 3. Distribution of the flow pressure field, ∆Р [Pa]

model of turbulent heat and mass transfer in a liquid  

includes the Navier-Stokes equations (the law of 

conservation of momentum), continuity (the law of 

conservation of the mass of a liquid), and diffusion 

transfer of a scalar quantity (the law of conservation of 

mass). 

Fig. 4. Temperature field distribution, T [K]. 

As result of the performed numerical experiments, data 

was obtained characterizing the effect of the RT 

installed in the tubes on the distribution of the field of 

velocities, pressures and temperatures in the tubes, 

presented in Figures 2, 3 and 4. Analysis of the results 

of numerical experiments showed that some LT designs 

strongly change the distribution pattern value of speed, 

head loss and temperature in the tube. This influence is 

especially evident in the near-night zone. 
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Influence of fluid flow turbulization on the processes 
of hydrodynamics and heat transfer 
Figures 5, 6 and 7 show graphical dependencies 

obtained by the method of a numerical experiment and 

data from a physical experiment. 

Figure: 5. Graph of fluid velocities in a tube with LT.

From the velocity, graph (Fig. 5) it can be seen that the 

fluid flow passes into a turbulent state due to the 

influence of the LT elements. The lower relatively  

Figure: 6 Graph of fluid pressure loss along the length 

of the tube with LT.    

Figure: 7. Field of isotherms of liquid in a tube with LT 

straight line was obtained for a tube without LT under 

the same flow regimes. The speed jumps occur at the 

location of the LT elements. The shift of the jumps to 

the left or right, sometimes down or up the graph, is 

explained by the existence of the vibration of the LT 

elements. In fig. 6 shows the head loss along the length 

of the tube. It was determined that each jump on the 

graph falls on the locations of the LT elements, where 

the flow is compressed. Curves of changes in the 

temperature of the liquid along the length of the tube is 

shown in Fig. 7, which show that the increase in the 

temperature of the liquid significantly depends on the 

presence of LT. It should be noted that different designs 

of LT have different effects on the change in the 

temperature of the liquid. 

Experimental setup 
The author has developed constructions of an effective 

LT, investigated on experimental installations, the 

diagram of one of which is shown in Fig. 8. The 

experiments were carried out according to the following 

technique. Fluid flow hydrodynamics and the effect of 

LT structures on the process were investigated on the 

"cold" model. The liquid flow is passed through a glass 

tube 1 without LT and the flow regimes are determined. 

Then, for the selected flow regime, the investigated 

design of the LT is installed into the tube, and a dye is 

added to the flow for clarity of the flow pattern. Flow 

regimes in the "cold" mode are transferred to the "hot"

part of the experimental setup. The investigated design 

of the LT is rearranged into the metal tube 3 and the tube 

6, also made of metal, but free from LT, is switched on. 

Metal tubes 3 and 6 have d = 22 mm and are heated by 

electric heaters to create a heat flow of a certain power 

from the outside. The experiments were carried out to 

determine the effect of LT on the efficiency of heat 

transfer. The experimental data for various designs of 

the LT with tube 3 were compared both with each other 

and with the data obtained for tube 6. The setup is 

equipped with appropriate measuring and control 

devices. 

Figure: 8. Schematic diagram of the experimental setup: 

1- glass tube; 2- valve for regulating water flow; 3- metal 

tube with LT; 4- thermal insulation with an internal heat 

source; 5- supply of electrical energy to 4; 6- metal tube 

without LT; 7- water pump; 8 and 9 - electrically heated 

thermostat; 10- water flow meter: 11- connecting 

pipelines; 12- manometers; БЩУ - Control Panel Unit.

Physical experiment results 
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Figures 9, 10 and 11 show the results of an experimental 

study to determine the influence of the developed LT 

designs on the efficiency of the processes, and also show 

the calculated equations characterizing the indicated 

curves. 

Figure: 9. Curves ∆Р / ∆РSS depending on Re for various 

designs of LT   

Figure: 10. Curves Nu / NuSS depending on Re for 

various LT designs 

Figure: 11. Graphic determination of rational design 

parameters of LT   

Fig. 9 that with an increase in the Re number, the ratio 

∆Р / ∆РSS decreases monotonically, and in a certain 

interval of Re values practically does not change, and 

then begins to increase. This is explained by the fact that 

the presence of LT at certain values of the flow rate leads 

first to a decrease and then to an increase in resistance, 

while maintaining an increase in the efficiency of heat 

transfer (Fig. 10) 

In fig. 11 shows a graphical method for determining the 

area of rational design and operating parameters of the 

considered LT, which makes it possible to increase the 

efficiency of the heat exchange equipment. 

Conclusion 
Modeling the processes of intensification of 

hydrodynamics and heat transfer in tubular heat 

exchangers confirmed the validity of the choice of the 

physical model and research methodology [13, 14, 15, 

16]. The resulting turbulence model makes it possible to

predict the structure of the flow in the tubes, to 

determine the details of the secondary flows and the 

movement of the turbulized zones as a result of 

vibration. The design of the developed LT is 

technologically advanced and easy to manufacture, 

accessible and inexpensive for installation and 

operation. The obtained empirical dependencies allow 

calculating the values of the heat transfer coefficients 

with an acceptable degree of error. 
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