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Abstract 

The article presents problems of heat exchange processes and devices and ways 

to solve them. Methods of intensifying processes in spiral-ring heat exchangers 

are analyzed. Turbulizers transform the boundary layer of the heat carrier on the 

inner surface of the pipes into a vortex and absorb it, as a result of which the 

thermal resistance decreases and the heat transfer process accelerates. 
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Introduction 

New designs of heat exchangers should have a higher heat transfer coefficient 

than similar devices used in industry, be corrosion resistant, have less metal 

retention, and consume less energy to move heat transfer agents through the 

device. One of the methods for creating promising heat exchangers is the use of 

surfaces that break the boundary layer of the working medium [1,2,3]. 

Research objective; The spiral wire-spring heat exchangers proposed by us are 

promising. In these devices, the heat exchange surface is performed by spiral wire 

springs made in the form of a coil inside the tube. Therefore, spiral wire springs 

should be widely used in heat exchange devices based on analysis. Spiral wire 

turbulators do not only turbulize the part of the flow in front of the wall, but also 

cause the entire flow to rotate around its axis [4-7]. 
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Research methods 

Such heat transfer accelerators are characterized by the following main methods 

and advantages: 

- the heat transfer area increases; 

- the flow near the pipe surface is accelerated, as a result of which the maximum 

velocity and temperature gradient is observed; 

- the viscous bottom layer is disrupted; 

- the combined effectiveness of twisting and flow disruption improves the 

relationship between heat transfer and hydraulic resistance; 

- technological simplicity in manufacturing. 

Spiral wire springs were experimentally studied by N.V. Zozulya and I.N. 

Shkuratov, Z. Nagaokiy, V.M. Azarskov, A.Klachak and others [8-14]. 

 

Results 

The main parameters of a pipe with a wire connection are: pipe diameter D, wire 

diameter d, wire connection pitch s, and spiral twist angle  

Figure 1 shows a coiled wire spring. 

 

 
Figure 1. Spiral spring inside the tube. 

 

In the work of A. Klachak, heat transfer and pressure loss were studied in a pipe 

with a diameter of 25.2 mm and a length of 1500 mm (l/d=59.5). The wire 

diameter varies from 2.0 to 3.4 mm (d/D=0.079…0.135), the spiral pitch varies 

from 10 to 66 mm. The spiral twist angle is from 320 to 760. Hindustan Petroleum 

Corp (India) oil was used as the working fluid. The experiments were conducted 

in the range Red=30…700. 
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The experimental results are presented in the form of graphs Nu=f(Re), =f(Re) 

The generalized results of the experimental results are expressed by the following 

equation: 
14,0
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In a spiral spring tube, the increase in the Nusselt number for oil is 1.5...4.0, which 

is significantly higher than for turbulent flow. 

N.V. Zozulya and I.N. Shkuratov conducted an experimental study of spiral wire 

springs in transformer oil flow. The study was conducted in the range 

Re=1800÷6300.А. [15-19]. 

Klachka studied the heat transfer in a flowing water pipe with a diameter of 6.8 

mm and a length of 240 mm (l/d=35). The experiments were carried out in the 

range Red=1,7103…2104 (turbulent regime), Pr=2.5…9.0. The general equation 

for heat transfer takes the following form: 

( ) ( ) 35,029,054,0 //Re04,1 DdDsNu dd

−
= (2) 

Equation (1.2) is valid in the range s/D=0.57…286; d/D=0.1…0.22. 

Z. Nagaoki conducted an experimental study of spiral wire springs in water flow. 

The study was conducted in the ranges Re=4600÷23000, l/d=0.26÷1.78; 

h/d=0.0335÷0.15. 

I.N. Shkuratov conducted experimental studies on heat transfer and hydraulic 

resistance in a pipe with a diameter of 25 mm and a length of 1500 mm (l/d=60). 

The wire diameter is 2 and 3 mm (d/D=0.08 and 0.12), and the spiral pitch varies 

from 20 to 132 mm. The spiral twist angle is in the range of 300…750. The 

experiment was conducted in turbulent mode, using a 50% glycerin solution and 

water as the working fluid (Red=3103…8105) [20-27]. 

Analysis of the results shows that the increase in the heat transfer coefficient in 

turbulent flow is 1.3-1.5 compared to a smooth pipe, which is less than in the 

laminar flow regime. In this work, heat transfer and hydraulic resistance in a pipe 

with a diameter of 13.81 mm and a length of 605 mm (l/d=43.8) were fully 

studied. 11 variants of spiral springs were studied. Spiral springs differ in wire 
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diameter and spiral pitch: d=0.5…3 mm, s=10…60 mm, d/D=0.033…0.207, 

Reynolds number varies from 4103 to 5104. 

The results of the study are presented in the form of graphs Nu=f(Re) and =f(Re). 

In the study, heat transfer and hydraulic resistance in a pipe with a diameter of 

13.81 mm and a dimensionless length l/D=43.8 were fully studied. The Reynolds 

number varies from 6000 to 40000. The main parameters of the studied spiral 

spring are presented in the form of a table [28-33]. 

The results of the heat exchange experiment are summarized according to the 

following formula 

( )
( ) d

t

dh

dh

d

h

Nu

Nu

/26,128,2

/25,285,02
5,285,1

0 +

+
−+= (3) 

The equation is valid in the ranges 0.0667<2h/d<0.435; 0.75<t/d<4.4; 

6∙103<Re<4∙104. 

The calculated results of the thermal hydraulic efficiency are presented in the 

form of graphs Nu=f(Re) and =f(Re). 

The use of the best variant of spiral springs and the same hydraulic resistances 

compared to a smooth pipe leads to an increase in heat capacity by 40%. 

Also, the results of the study of the heat exchange process during the flow of 

transformer oil in a pipe with a spiral spring are presented. The Reynolds number 

varies in the range 30<Re<2000, 300<Re<675. The geometric characteristics of 

the channel vary in the following range: s/d=2.62÷0.83; hs/d=0.085÷0.14; 

0=32÷610. 

The following equation is proposed to calculate the Nu number in a pipe with a 

spiral spring 

( ) ( ) ( ) 14,0

ñò

35,025,0
/PrRe65,1Nu
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

−

=
tg
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The efficiency of intensification with a decrease in the spiral pitch and an increase 

in the height of the installation is 150-400%. 

V.M. Azarskov studied the laminar flow of viscous Newtonian fluids in a spiral 

wire spring [34]. 

The following generalized equation is used for application in computational 

practice 
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( ) ( ) 5,07,035,07,0 /9/PrRe23,0 DsDdNu −= (5) 

The scope of the relationship: Re=80÷1200; s/D=0.71÷4.3; d/D=0.714÷0.171. 

The experimental and calculated deviations do not exceed 12%. In the case of 

corrugated pipes, the heat transfer coefficient increases by 2-4.5 times, depending 

on the geometric parameters. The heat exchange surface increases by 10-60% 

compared to a smooth pipe. The results of the study are presented in the form of 

a graph Nu =f(Re). 

The following generalized equation is used to calculate the value of the hydraulic 

resistance coefficient 
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The experimental and theoretical deviation does not exceed 14%. The scope of 

application of the relationship: s/D=0.71÷4.3; d/D=0.071÷0.17. 

Compared with horizontal groove turbulators, this type of turbulators is less 

suitable for small spiral pitches, and the thermal contact of the spring with the 

pipe is not reliable, that is, the spring is not tightly attached to the inner surface 

of the pipe, these shortcomings reduce the effectiveness of their use at relatively 

small pitches.  

 

Conclusion 

One of the ways to create promising heat exchangers is the use of surfaces that 

erode the boundary layer of the working environment. In this regard, spiral-spring 

heat exchangers proposed by us are promising. In these devices, the heat exchange 

surface is performed by spiral springs made in the form of folds in the pipe. When 

the working medium moves along the pipe channel with the surface in a fold 

position, secondary flows and centrifugal forces appear in the boundary zone. 
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