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ABSTRACT

Purpose: The study aims to diagnose the corrosion current density in the coating defect on the
outer surface of the ammonia pipe depending on the distance to the pumping station, taking
into account the interaction of media at the soil-steel interface and using modern graphical data
visualization technologies and approaches to model such a system.

Design/methodology/approach: The use of an automated system for monitoring defects in
underground metallic components of structures, in particular in ammonia pipelines, is proposed.
The use of the information processing approach opens additional opportunities in solving the
problem of defect detection. Temperature and pressure indicators in the pipeline play an
important role because these parameters must be taken into account in the ammonia pipeline
for safe transportation. The analysis of diagnostic signs on the outer surface of the underground
metallic ammonia pipeline is carried out taking into account temperature changes and corrosion
currents. The parameters and relations of the mathematical model for the description of the
influence of thermal processes and mechanical loading in the vicinity of pumping stations on
the corresponding corrosion currents in the metal of the ammonia pipeline are offered.

Findings: The paper evaluates the corrosion current density in the coating defect on the metal
surface depending on the distance to the pumping station and the relationship between the
corrosion current density and the characteristics of the temperature field at a distance L = 0...20
km from the pumping station. The relative density of corrosion current is also compared with
the energy characteristics of the surface layers at a distance L = 0...20 km from the pumping
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station. An information system using cloud technologies for data processing and visualization
has been developed, which simplifies the process of data analysis regarding corrosion currents
on the metal surface of an ammonia pipeline.

Research limitations/implications: The study was conducted for the section from the
pumping station to the pipeline directly on a relatively small data set.

Practical implications: The use of client-server architecture has become very popular,
thanks to which monitoring can be carried out in any corner of the planet, using Internet data
transmission protocols. At the same time, cloud technologies allow you to deploy such software
on remote physical computers. The use of the Amazon Web Service cloud environment as a
common tool for working with data and the ability to use ready-made extensions is proposed.
Also, this cloud technology simplifies the procedure of public and secure access to the
collected information for further analysis.

Originality/value: Use of cloud environments and databases to monitor ammonia pipeline
defects for correct resource assessment.

Keywords: Underground ammonia pipeline, Pump station, Thermal background, Corrosion
currents, Data processing, Cloud computing
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1. Introduction

Ammonia emissions are dangerous to human health and
timely diagnosis of possible leaks is an important task of
information technology. Metals are subject to corrosion
under external and soil influences and load during
transportation [1,2]. Continuous monitoring of changes in
the places of damage to the coatings and timely repairs will
help increase the longevity of the resource and avoid
harmful emissions into the environment [3-6].

Metallic components of underground constructions have
a certain service life, which is exhausted every year. The
probability of detecting defects increases from year to year.
Ammonia pipelines are a common way of transporting
ammonia in the world. One of the largest in Eastern Europe
is the Togliatti-Odessa ammonia pipeline. It has a number of
properties that distinguish it from its use in comparison with
other metallic structural components. There are certain
requirements for the transportation of ammonia because
ammonia is in a liquid state under a pressure of up to 35
atmospheres with a temperature of 4°C. In addition, 0.4% of
water is added to prevent corrosion. Moreover, in places of
the possible danger of leakage or damage or when
approaching water bodies, the principle of "double pipe" is
applied. It is then that the thickness of the pipe can be
inhomogeneous and vary according to the surrounding
operating conditions. Thus, early detection of the location of
damage helps to avoid accidents and harmful emissions into
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the atmosphere or the earth's surface. Predicting phenomenon
such as ammonia leakage from a pipeline is a rather complex
process.

Pumping stations (PS) provide a relatively stable flow of
ammonia within the underground steel pipe. It is necessary
to take into account corrosion currents, the temperature
distribution in the vicinity of the emergency, as well as
temperature deviations during the day.

It is necessary to take into account the condition of the
sections of the ammonia pipeline at a distance of up to 20 km
from the pumping station. Such areas are areas of increased
risk and corrosion damage due to the effects of temperature,
mechanical loads, and soil moisture on the metal of the pipe
in places of insulation damage.

The relevance of the relevant research is related to the
control of corrosion defects (pitting) on the surface of the
metal of the pipe in places of insulation damage and the
corresponding effects of temperature, mechanical stress, and
aggressive environment on corrosion processes. Therefore, it
is necessary to diagnose corrosion defects and develop mea-
sures aimed at optimizing the modes of operation of the emer-
gency in order to prevent stress-corrosion fatigue (SCF).

There are many known methods for monitoring ammonia
pipelines, as well as the detection of corrosion defects on
their surface [7]. Recent studies allow determining the
location of depressurization of underground pipelines during
the monitoring of oil and gas companies [8]. However, it is
necessary to take into account the peculiarities of ammonia
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transportation. It is important to take into account heat pulses
[9,10], which also occur in research.

Due to the fact that the service life of underground
metallic components of structures (UMCS) is limited, there
may be a loss of their load-bearing capacity. In other words,
ammonia pipelines are subject to corrosion because they are
located underground and in contact with the ground
electrolyte. Therefore, the environment affects the durability
and service life of UMCS.

In [7,11] the results of researches of diagnostic
parameters which characterize corrosion processes in local
defects on a metal surface are presented. However, issues
related to the risks and quality criteria of the SCF remain
unresolved. The reason for this may be the insufficient
justification of surface effects related to the strength criteria.

All this gives grounds to claim that it is expedient to
conduct a study to take into account the influence of periodic
changes in ambient temperature (soil) on the corrosion
process in the coating defect on the metal surface similarly
to scientific articles [12].

In [13] a method of control of thermal changes in
underground metallic structures is proposed. However, this
information is not enough to detail the issues related to
thermal changes in the vicinity of pumping stations. The
reason for this may be the difficulties associated with the
imperfection of the assessment of energy parameters, which
are included in the criteria of strength and quality criteria
[7,11]. To overcome this type of problem, it is advisable to
take into account the migratory flows of the substance at the
boundary between soil and metal [14].

It is important in this context to evaluate the effect of
electrochemical overvoltage of the reaction of anodic
dissolution of metal (steel) at the crack tip on the corrosion
current density in the coating defect on the outer surface of
the ammonia pipeline.

The development of a system for monitoring the
condition of ammonia pipelines in places of potential
breakthrough helps to prevent significant ammonia losses.
An important process for determining the zones of
environmental pollution is the reduction of excess pressure
in the ammonia pipeline, as well as changing the height of
the jet and the mass of ammonia coming out of the pipe.
Relevant indicators make it possible to assess the level of air
and ground surface pollution in the event of a leak in the
ammonia pipeline.

A system that uses modern data processing methods has
been developed to monitor defects. In recent years, the use
of cloud technologies and computing for data processing has
become particularly active [15]. These technologies allow
you to quickly and securely deploy software for both public
Internet access and private access with limited access.
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The main element of the data processing system (DPS)
is the use of a web service, which serves as software for
processing requests from customers to the service itself.
Typically, such systems (DPS) are directly related to
databases and knowledge and act as an additional layer of
system protection [16,17]. Data obtained from web services
is transmitted for visual presentation of data on a web page
that is deployed in a cloud environment. On this basis, a
comprehensive model for monitoring surface defects and
automation of the processes of their detection and
calculation of technological modes using appropriate
theoretical approaches are implemented.

2. Experimental procedures

Based on the data obtained from articles [8,9] for the test
purpose, the test data were used for further processing and
visualization of information in DPS. As a result of the
analysis of articles [7,12] with the help of artificial neural
networks (ANN) it is proposed to analyse the information
obtained from the use of periodic thermal boundary ratios
for the analysis of physicochemical processes at the
boundary of metal and aggressive environment.

Devices for monitoring depressurization, which measure
pressure, potentials, and corrosion currents are presented in
the article [8]. It is proposed to use the RS-232 information
transfer interface to connect and transfer data from the
measuring devices to the microcomputer. In turn, the
microcomputer can send the results in JavaScript Object
Notation (JSON) format to a web service, where they are
processed and displayed on graphs on a web page. A
Raspberry PI microcomputer or an Arduino microcontroller
can be used to group data into the appropriate JSON format
and extract all information from external devices [18].

The client-server architecture allows many clients to
work with the service simultaneously. This procedure has
become especially popular for interaction with web pages
[19]. In the developed system the central element is
considered to be a web service. The architectural service was
represented by the architectural style Representational state
transfer (REST), which best interacts with the JSON format.
The appropriate data exchange occurs on the base of the
Internet protocol Hypertext Transfer Protocol (HTTP) [16].

A non-relational Elasticsearch database was used to store
the data. This database is based on the Lucene library and is
considered to be a search engine. In addition, there are many
ways to search for information such as full-text, partial
search with filters, and so on. All DPS data are stored in
JSON format and are divided into separate indices with a

certain number of shards and replicas.
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Visualization of results is implemented on the basis of
web technologies [20] to present data in graphical form.
In addition, ready-made libraries such as Bootstrap and
jQuery were used for simplified and modern web design.
Modern technologies for web applications are multi-
browsers, i.e. the information is displayed in the same way
in most cases by today's popular browsers, such as Google
Chrome, Firefox, Edge, etc.

Among the most popular cloud environments, there are
Amazon Web Service, Microsoft Azure, and Google Cloud
Platform. Each of these environments has similar platforms
for working with the database, saving files, recovering data
and configuring the most remote server computers. Amazon
Web Service was chosen as the system for deploying
information due to the best system properties (DPS) and
relevant aspects of configuration [21].

3. Results and discussion

To study the effect of thermal processes on corrosion
effects in the vicinity of pumping stations, it is necessary to
estimate heat losses on the surface of underground structural
components using models and techniques that take into
account changes in heat transfer conditions between the pipe
and the environment [22]. In this context, we take into
account the thermal resistance of the soil in the same way as
in [23]:

Rs = In{ (d/7op) + [(d/70p)* — 112}/ (2k), (d/Top > 2),
Rs = In(2d/7,p)/ (21tks), (d/Top > 4), (1

where Rs— thermal resistance of soil, (m-K)/W; d — the depth
of occurrence to the centreline of the pipe, m; r,,— the outer
radius of the pipe, m; ks — the thermal conductivity of soil,
W/(m-K).

The results of assessment of the thermal resistance of the
soil using formula (1) are presented in Table 1. The thermal
conductivity of the soil ks is inversely proportional to Rs,
because the coefficient between them is dimensionless.

Table 1.
Thermal resistance of soil Rs depending on the distance L
Rs, (m-K)/W 1 1.5 2 25 3
d, m 1.5 1.6 1.7 1.8 1.9
Top, M 0.5 0.7 1.0 1.3 1.5

The thermal resistance of the coating is written in the
same way as in [24]:

Rp = In(17/79p)/(27kp), )

where Rp — the thermal resistance of the coating on the pipe
surface, (m-K)/W; kp — the thermal conductivity of the
coating, W/(m-K); rz — the outer radius of the coating, m.
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The results of assessment of the thermal resistance of the
coating on the pipe surface using formula (2) are presented
in Table 2.

Table 2.
The thermal resistance of the coating on the pipe surface Ry
depending on the distance L
Rp 3.5 4.5 5 5.5 6
77 = Fop, MM 0.5 1.6 1.7 1.8 1.9

Where: r; - 1o, is the coating thickness (the thickness of the
primer is 0.02... 0.03 mm, and the thickness of the mastic
coating is 7.5 mm).

If, for example, the temperature of the environment (soil)
in the natural state is 76r=20°C (£2°C) and the temperature
of the ammonia in the tube is 7(z)= 4°C, then the envi-
ronment is characterized by such a temperature pressure [24].

AT = T(Z) — Tgg = 10 ...20°C,
AT = Tep — T(Z) ~ 14...18°C A3)

The specified conditions (1), (2) and pressure (3)
correspond to the results of the experiment according to the
method [11,14] regarding the corrosion current density J
which are shown in Table 3.

Table 3.

Corrosion current density J depending on the distance L to PS
L, km 0 4 8 12 16 20
J,A/m*> 0.18 025 028 033 035 0.28
Ji=J/Jy 1.62 223 254 292 315 246

In the Table 3 corrosion current density is equal to
Ji=0.112 A/m?,

Instead of determining the errors with respect to the data
in Table 3, it is expedient to estimate the uncertainty of
physical processes of the system “PS-SAP (surface of
ammonia pipeline)” in the soil environment. General
information on the uncertainty of experimental studies is
presented, in particular, in [25]. For a more detailed
assessment of the uncertainty Ay of data such as J;, Jy in
Table 3 we use formulas (1-3), methods of articles [24,25],
as well as an analytical relationship similar to the expression
given in the article [25]:

U; = U(exp) -U(m) - U(r) - U(repl) - U(qual), 4
AV:AE'AM'AR'AD'AQ, (5)
where: Ag — uncertainty associated with experiment errors;
Am — methodological uncertainty; Ar — uncertainty of result;

Ap —uncertainty in duplication; Aq — uncertainty of methods
for assessing the quality of the system “PS — SAP” [14].
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The results of assessment of the uncertainty of experi-
mental data using formulas (4) and (5) are presented in Table
4. It was found that uncertainties are similar to errors. For-
mulas (4) and (5) are related to the experiment. Uncertainties
are similar to errors. Errors U; are deviations from the exact
values of the parameters, whereas uncertainties 4; are
deviations from the average values of the parameters.

Table 4.
Assessment of the absolute uncertainty U: depending on the
relative uncertainty A;
Ui 2 4 6 8 10
A; 2 4 6 8 10

In this case, based on a computational experiment, it was
found that the uncertainty for the data of Table 3 taking into
account the relations (1)-(2) and the methods of articles
[14,26] takes the value Ay=0.08...0.11.

In Figure 1, a general model of the system for monitoring
and visualization of data, in particular heat pulses and
pressure, is presented. The schematic image contains a set of
plots for research with the corresponding input data meters.
The collected data are then transferred to a microcomputer,
where they are converted to the desired JSON format and
sent to a web service for further processing and
visualization.

In Figure 2 the view of the record in the Elasticsearch
database and the response from the web service is shown.
HTTP data puncture is used, which involves the use of
HTTP methods such as GET, POST, PUT, DELETE, etc.
Data exchange takes place using HTTP status codes. Upon
successful retrieval of data, the web service must display the
data on the web page and send a status code in the response
header 200, if the page is not found — 404, and if there is a
problem with the server — 500. According to such codes, the
client without opening the program can immediately see the
error on the client-side or on the server-side and requires the
intervention of developers.

%
(r; = % ‘ collected
B —— o

Locgtion 2 %Q Microcom puter

—l(gl_ ._’

Locanon N

B

Locahon 1

Data processing
system

Fig. 1. Block diagram of the system for the selection of
information from the ammonia pipeline
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Fig. 2. Results of entries (a) in the database and (b) responses
from the web service from Microsoft Edge Web Browser

The JSON responses displayed on the webpage have
taken a form that is readable and editable. The essence of
this approach is to use "key-value". Each of the investigated
sections of the ammonia pipeline is placed in blocks with a
description of the parameters and their values. That is why
the values and parameters can be easily found when
analysing, searching, or changing data (DPS).

In addition, in Figure 2a, you can see the web page
address where the non-relational Elasticsearch database
client is running. An index has been created in the site
address, which contains all the collected and processed data
for the studied area of underground metallic structural
elements. In Figure 2b, the response from the web service
used by the web application to visualize the data is shown.

In this case, the best data visualization suggests the use
of graphs. The following representations may be among the
most popular: line, pie, and bar charts. Most often, in
practice, a representation in the form of a linear graph is
used, where there is a dependence of certain values on both
axes. In a pie chart, the value is visually seen from the length
of the diagram.

According to the graphical representation in Figure 3 we
see the temperature range and the number of accidents D+
for the underground gas pipeline per 1 km, which are
obtained similarly to the article [9]. The blue curve of the
line diagram, the values of which start from 3 and decrease
to 1, shows the dependence of the change in the temperature
range T/To. The grey curve, which starts at 1.1 and ends at
1.23, shows the dependence of the change in the density of

accidents Dax.
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Fig. 3. Presentation of accident data during depressurization
and thermal pulses and in a line graph and pie chart,
respectively

Besides, in Figure 3, the pie chart shows the dependence
of the number of probable DA accidents associated with
depressurization on the distance to the pumping station. This
confirms the information about the anode current density,
which decreases in the same way as in [8]. The number of
probable D accidents associated with depressurization is
proportional to the probability of Py risk situations.

When you hover the cursor over the corresponding
element in the graphic part of the page, the values
temperature and pressure are displayed and allow you to
clearly see the difference between the values of the
corresponding parameters. In the case of researching and
processing large amounts of data, such visualization will
significantly reduce the time to analyse the original data.

In Figure 4 we see a representation in the form of a bar
chart of two graphs that can be compared. Because it is
important in ammonia pipelines that the temperature is
within certain limits for safe transportation, these two
processes (heating and the effect of internal pressure on
depressurization) must be considered simultaneously. The
first 20 kilometres should be considered for data analysis.
The corresponding results are presented in the table on the
web page. Thus, we can say that the number of D4 accidents
associated with thermal pulses for UMCS per 1 km increases
with increasing a distance similarly as in [9] and the anode
current density decreases. This affects the internal pressure
in the pipe with ammonia as well as on the depressurization.
The change in numerical values of temperature is shown in
blue in the bar chart, and the change in pressure is shown in
grey.

The influence of heat pulses and internal pressure on the
corrosion current density J, the number of probable
Da accidents, and the probability of ammonia pipe
destruction P4 is shown. This information is important for
predicting the operating conditions of the ammonia pipeline.
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Fig. 4. Comparison of data on accidents during depressurization
under the influence of thermal pulses in a bar chart and
tabular form

The possibility of using a cloud environment and a system
with test data has been demonstrated [8,9]. The components
of the system (DPS) can be changed. In particular, you can
replace the test data, as the format is expected to be
unchanged. The system (DPS) can be extended and perform
additional calculations. Due to the use of cloud technologies,
the system is easily scalable (DPS). This means that you
need to increase server performance (CPU, storage) or
optimize the system through additional settings. Queries can
be made to the database using the ready-made Application
Programming Interface (API). HTTP data transfer protocol
is one of the most popular in browsers and web services.
Communication between all components of the system
requires a constant Internet connection.

Elasticsearch is used for large amounts of data and works
best when configured correctly, as non-relational databases
work with unstructured data. That is why, when monitoring
data on many sections of the pipe, it will be easy to identify
them by dividing the data into indices according to the
section. The results regarding the corrosion current density
and the probability of risky situations are presented in
different data representations, namely, in the form of a line
graph, a pie chart, and a bar chart. The system (DPS) can
adapt to work with a large amount of input data.

4. Conclusions

1. A method of taking into account heat pulses and internal
pressure for the study of risky situations on the outer
surface of the underground metallic ammonia pipeline
at a distance from the pumping station in the range
L=0...20 km.

2. The need to take into account the excess pressure in the
ammonia pipeline and other important parameters
related to ammonia and pipe metal is shown.
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The relationship between the influence of thermal pulses
on corrosion currents, which are related to the probability
of risky situations, and the density of accidents in the
vicinity of the pumping station of the ammonia pipeline
has been found.

The analysis of diagnostic signs on the outer surface of
the underground metallic ammonia pipeline is carried out
taking into account temperature changes and corrosion
currents.

The parameters and relations of the mathematical model
for the description of thermal processes and mechanical
loading in the vicinity of pumping stations are offered.
The system (DPS) is designed to analyse large data sets
from multiple locations and automatically calculate
intermediate results, simplify routine work for
researchers, and display in real-time the situation that
may arise in the future.

References

(1]

(2]

[4]

(3]

Volume 115

M. Polutrenko, P. Maruschak, A. Babii, O. Prentkovskis,
Corrosion of pipe steels 20 and 17G1S-U in ground
electrolytes with a hydrogen indicator close to neutral,
Archives of Materials Science and Engineering 108/1
(2021) 16-23.

DOI: https://doi.org/10.5604/01.3001.0015.0249

L. Poberezhny, S. Tregubenko, L. Poberezhna, A.
Hrytsanchuk, A. Stanetsky, Influence of loads in the
process of laying on the resource of sea pipelines,
Archives of Materials Science and Engineering 96/2
(2019) 63-72.

DOI: https://doi.org/10.5604/01.3001.0013.2385

L. Poberezhny, R. Martyniuk, A. Stanetsky, L.
Poberezhna, O. Tkach, A. Hrytsanchuk, Estimation of
temporary decommissioning impact on reliability and
durability of oil pipelines, Journal of Achievements in
Materials and Manufacturing Engineering 94/1-2
(2019) 22-31.

DOI: https://doi.org/10.5604/01.3001.0013.5118

V.B. Volovetskyi, A.V. Uhrynovskyi, Ya.V.
Doroshenko, O.M. Shchyrba, Yu.S. Stakhmych,
Developing a set of measures to provide maximum
hydraulic efficiency of gas gathering pipelines, Journal
of Achievements in Materials and Manufacturing
Engineering 101/1 (2020) 27-41.

DOI: https://doi.org/10.5604/01.3001.0014.4088

V.B. Volovetskyi, Ya.V. Doroshenko, G.M. Kogut,
A.P. Dzhus, 1.V. Rybitskyi, J.I. Doroshenko, O.M.
Shchyrba, Investigation of gas gathering pipelines
operation efficiency and selection of improvement

Issue 1 May 2022

(6]

(7]

(8]

9]

methods, Journal of Achievements in Materials and
Manufacturing Engineering 107/2 (2021) 59-74. DOLI:
https://doi.org/10.5604/01.3001.0015.3585

O. Mandryk, O. Vytyaz, L. Poberezhny, Y. Mykhailiuk,
Increase of the technogenic and ecological safety of the
natural gas transportation due to displacement of
explosive mixtures with nitrogen, Archives of
Materials Science and Engineering 106/1 (2020) 17-27.
DOI: https://doi.org/10.5604/01.3001.0014.5929

V. Lozovan, R. Dzhala, R. Skrynkovskyy, V. Yuzevych,
Detection of specific features in the functioning of a
system for the anti-corrosion protection of underground
pipelines at oil and gas enterprises using neural
networks, Eastern-European Journal of Enterprise
Technologies  1/5(97)  (2019)  20-27. DOI:
https://doi.org/10.15587/1729-4061.2019.154999

V. Yuzevych, F. Horbonos, R. Rogalskyi, I
Yemchenko, M. Yasinskyi, Determination of the place
depressurization of underground pipelines in the
monitoring of oil and gas enterprises, International
Journal of Recent Technology and Engineering 9/1
(2020) 2274-2281.

DOI: http://doi.org/10.5281/zenodo.3841287

V. Yuzevych, A. Pavlenchyk, V. Lozovan, N.
Mykhalitska, M. Bets, Diagnostics of temperature
regime of technological environments of underground
pipelines in the monitoring system of oil and gas
enterprises for providing of safe exploitation,
International Journal of Recent Technology and
Engineering 9/1 (2020) 1301-1307.

DOI: http://doi.org/10.35940/ijrte.A2421.059120

[10] Ya. Doroshenko, V. Zapukhliak, Ya. Grudz, L.

[11] V. Lozovan,

Poberezhny, A. Hrytsanchuk, P. Popovych, O.
Shevchuk, Numerical simulation of the stress state of
an erosion-worn tee of the main gas pipeline, Archives
of Materials Science and Engineering 101/2 (2020) 63-
78. DOI: https://doi.org/10.5604/01.3001.0014.1192
R. Skrynkovskyy, V. Yuzevych,
M. Yasinskyi, G. Pawlowski, Forming the toolset for
development of a system to control quality of operation
of underground pipelines by oil and gas enterprises
with the use of neural networks, Eastern-European
Journal of Enterprise Technologies 2/5(98) (2019)
41-48. DOI: http://dx.doi.org/10.15587/1729-
4061.2019.161484

[12] A. Barletta, E. Zanchini, S. Lazzari, A. Terenzi,

Numerical study of heat transfer from an offshore
buried pipeline under steady-periodic thermal
boundary conditions, Applied Thermal Engineering
28/10 (2008) 1168-1176. DOI:
https://doi.org/10.1016/j.applthermaleng.2007.08.004



http://www.archivesmse.org
http://www.archivesmse.org

R.V. Mysiuk, V.M. Yuzevych, M.F. Yasinskyi, S.V. Kniaz, Z.A. Duriagina, V.V. Kulyk

[13] M. Carnogurské, M. Priihoda, R. Dobakova, T.
Brestovi¢, Model of heat losses from underground heat
distribution system 1889/1 (2017) 020003. DOI:
https://doi.org/10.1063/1.5004337

[14] L. Yuzevych, R. Skrynkovskyy, V. Yuzevych, V.
Lozovan, G. Pawlowski, M. Yasinskyi, I. Ogirko,
Improving the diagnostics of underground pipelines
at oil-and-gas enterprises based on determining
hydrogen exponent (PH) of the soil media applying
neural networks, Eastern-European Journal of
Enterprise Technologies 4/5(100) (2019) 56-64. DOI:
http://dx.doi.org/10.15587/1729-4061.2019.174488

[15] B. Varghese, R. Buyya, Next generation cloud
computing: New trends and research directions, Future
Generation Computing Systems 79/3 (2017) 849-861.
DOI: https://doi.org/10.1016/j.future.2017.09.020

[16] K. Gottschalk, S. Graham, H. Kreger, J. Snell,
Introduction to Web services architecture, IBM
Systems Journal 41/2 (2002) 170-177. DOI:
https://doi.org/10.1147/sj.412.0170

[17] O. Kruzhilko, V. Maystrenko, V. Kalinchyk, Y.
Polukarov, L. Mitiuk, N. Bilotserkivska, L. Borysova,
T. Kachur, Development of the effective information
and analytical support of the OSH management system,
Journal of Achievements in Materials and
Manufacturing Engineering 99/2 (2020) 72-84. DOI:
https://doi.org/10.5604/01.3001.0014.1777

[18] R. Payal, A.P. Singh, A Study on different hardware
and cloud based internet of things platforms, Journal of
Physics: Conference Series 1916 (2021) 012055. DOI:
https://doi.org/10.1088/1742-6596/1916/1/012055

[19] S. Kumar, A review on client-server based applications
and research opportunity, International Journal of

Scientific Research 10/7 (2019) 33857-33862. DOI:
http://dx.doi.org/10.24327/ijrsr.2019.1007.3768

[20] P.M. Mishra, K.K. Rout, S.R. Salkuti, Modern tools
and current trends in web-development, Indonesian
Journal of FElectrical Engineering and Computer
Science 24/2 (2021) 978-985.

DOI: https://doi.org/10.11591/ijeecs.v24.i2.pp978-985

[21] M.A. Kamal, H.-W. Raza, M.M. Alam, M.M. Su’ud,
Highlight the features of AWS, GCP and Microsoft
Azure that have an impact when choosing a cloud
service provider 8/5 (2020) 4124-4132.

DOI: https://doi.org/10.35940/ijrte.D8573.018520

[22] B. Bohm, On transient heat losses from buried district
heating pipes, International Journal of Energy Research
24/15 (2000) 1311-1334. DOLI:
https://doi.org/10.1002/1099-
114x(200012)24:15<1311::aid-er648>3.0.co:2-q

[23] Chapter 12: District Heating and Cooling, Handbook.
HVAC Systems and Equipment, ASHRAE, Atlanta,
2012.

[24] J. Yi, Methods of heat transfer analysis of buried pipes
in district heating and cooling systems, Applied
Engineering 2/2 (2018) 33-38.

[25] S. Cividino, G. Egidi, I. Zambon, A. Colantoni,
Evaluating the degree of uncertainty of research
activities in Industry 4.0., Future Internet 11/9 (2019)
196. DOLI: https://doi.org/10.3390/£i11090196

[26] L. Yuzevych, R. Skrynkovskyy, B. Koman,
Development of information support of quality
management of underground pipelines, EUREKA:
Physics and Engineering 4 (2017) 49-60. DOI:
https://doi.org/10.21303/2461-4262.2017.00392

© 2022 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an

open access paper distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license
BY NC ND

(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en).

RESEARCH PAPER

READING DIRECT: www.archivesmse.org


http://www.archivesmse.org
http://www.archivesmse.org

