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Relevance and problem statement. 

The annual global losses in the transportation of thermal energy are more than 10–

20%, and in some regions up to 40% [1]. Development thermal insulation methods for 

pipelines vary depending on the type of installation, as operating conditions impose 

special requirements. A significant part of the heating mains has an air gasket [2,3,4]. 

Therefore, the search for ways to increase the efficiency of using heat insulation plays 

an important role, since it allows for a long time to reduce heat loss [5,6]. 

The main research materials. 

The research were carried out on a test bench, on which the following samples were 

installed: horizontal steel pipeline without thermal insulation; horizontal steel pipe 

coated with thermal insulation aluminum film; horizontal steel pipeline coated with 

shell-capsule thermal insulation [7]. The temperature in the pipe was maintained by an 

electric heat generator and was measured by temperature sensors, the signal of which 

was transmitted to a digital device. 

The scheme of the shell-capsule thermal insulation of the pipeline is shown in Fig. 1. 

 

 

   Figure 1. Shell-capsule heat insulation of the pipeline: 1 - pipe, 2 - disk centralizers, 3 

- heat-reflecting screen made of aluminum foil, 4 - heat-insulating material, 5 - outer 

coating, 6 - shell capsules. 

    The principle of operation of the shell-capsule thermal insulation of pipelines is as 

follows. Thermal energy enters with the flow of hot coolant to the consumer, while part 

of it is lost through the wall of the pipe 1. The radiant heat flux is reflected back by a 

heat-reflecting screen 3 of aluminum foil located with the help of disk centralizers 2 at a 

distance from the pipe with the formation of shell-capsules 6 between the pipe 1, 

centralizers 2 and heat-reflecting screen 3 of thermal insulation 4. The shell capsules 6 

created by disk centralizers 2 are broken the total air space between the pipe 1 and the 

heat-reflecting screen 3 into separate cells, which sharply worsens the conditions of 

convective heat transfer and reduces convective heat loss. The heat energy that has 

passed through the heat-reflecting screen 3 is delayed by the heat-insulating material 4, 
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which provides resistance to heat conduction, which also reduces heat loss (Fig. 2). The 

outer coating 5 protects the insulation from precipitation. 

 

 

   Figure 2. The dependence of the surface temperature of the insulation of the pipeline 

on the heat transfer coefficient 

Conclusions. We proposed: shell-capsule thermal insulation of the pipeline [7]. We 

determined: that heat losses when using shell-capsule thermal insulation of the pipeline 

compared to conventional thermal insulation decreased by 18%. The results can be used 

in the design of thermal insulation of pipelines. 

 

References 

[1] Thomas Nussbaumer, Stefan Thalmann Status Report on District Heating Systems in 

IEA Countries IEA Bioenergy, Swiss Federal Office of Energy, and Verenum, 

Zürich 2014, vol. 32 pp.48. 

[2] Didur V., Struchaiev N. Teplotekhnika, teplopostachannya i vykorystannya teploty v 

silʹsʹkomu hospodarstvi. [Heat engineering, heat supply and heat utilization in 

agriculture]. Kiev, 2008. 233 p 

[3] G. M. Zaki, A. M. Al-Turki. Optimization of Multilayer Thermal Insulation for 

Pipelines. Heat Transfer Engineering, 2000, vol.21, pp 63-70. 

doi.org/10.1080/01457630050144514. 
[4] Struchaiev N., Postol Yu. O. Analiz termodynamichnykh protsesiv u pototsi povitrya 

[Analysis of thermodynamic processes in airflow]. Visnyk Kharkivsʹkoho 

natsionalʹnoho tekhnichnoho universytetu silʹsʹkoho hospodarstva im. P.Vasylenka – 

Bulletin of Kharkiv National Technical University of Agriculture. P. Vasilenko, 

2017, no. 187, pp.28-29. (In Ukrainian). 
[5] Struchaiev N., Postol Y., Stopin Y., Borokhov I. Determination of the Duration of 

Spherical-Shaped Berries Freezing Under the Conditions Stationary Heat Flow. 

Modern Development Paths of Agricultural Production. Trends and Innovations. 

2019, part II, pp 405-414. doi:10.1007/978-3-030-14918-5_42. 
[6]  Struchaiev N.I., Stopin Y.O., Postol Y.O., Simontsev V.O., Petrov V.O. Truba 

teploizolirovana [Heat insulated pipe]. Patent UA, no 135199, 2019. 

[7] Struchaiev N.I. Obolonkovo-kapsul`na teploizolirovana truba [Shell-capsule heat-

insulated pipe]. Patent UA, no 141439, 2020. 

 


