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Abstract. The article presents the results of alternative methods for determining the hydraulic characteristics of a 
deteriorated pressure pipeline with a Subcote FLP spray-on protective coating applied to its inner surface. The 
results were processed using automated programs, with an ultimate goal of determining and comparing a number 
of hydraulic characteristics, resulting in energy indicators of pipeline’s performance during water transportation. 
Approaches are presented for identifying the dynamics of possible transformations of certain pipeline hydraulic 
parameters, specifically, hydraulic friction coefficients and equivalent roughness, when using the studied 
protective coating after its service over a certain time interval and with changing ambient temperature conditions. 
Dependencies for changes in these coefficients, and their impact on the pipeline's performance energy indicators 
during long-distance water transportation were obtained by calculations. 
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INTRODUCTION 
 
Given the significant wear and tear of pipeline 
networks, where, in particular, according to data 
from the Ministry of Regional Development, over 
40% of water supply networks require prompt 
repair, the question of the effectiveness of new 
trenchless repair technologies is becoming 

extremely relevant [1, 2]. An analysis of global 
experience in the operation and restoration of utility 
networks of water supply and sanitation systems 
shows that the most promising solution to the 
problem of extending their service life is 
rehabilitation through the application of internal 
protective coatings of various types, including 
polymer spray coatings (PSCs). Unlike metal and 
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ceramic linings, polymer coatings have a 
hydrophobic surface, which positively affects the 
hydrodynamics inside the pipe and prevents the 
formation of surface contaminants [3]. Based on an 
analysis of literature sources [4, 5], it can be 
concluded that such protective coatings are 
promising materials for pipeline protection. 
To demonstrate the effectiveness of various types 
of polymer protective coatings, as well as to 
study the possible transformation of their 
hydraulic properties over time (in particular, the 
degree of surface roughness), and the impact of 
temperature conditions on this process, it is 
necessary to conduct full-scale studies under 
dynamic conditions using appropriate models 
and proven methodological approaches. 
Automated programs are used to speed up 
calculations and potentially predict the resulting 
basic hydraulic and energy parameters. 
According to available certificates of conformity, 
protective polymer spray coatings do not alter the 
composition of the pumped fluid, maintaining a 
high level of reliability in water supply pipeline 
networks and reducing the negative impact on the 
urban environment during repairs. During pipeline 
rehabilitation using PSCs, despite a layer thickness 
of only 3–8 mm, it is possible to effectively seal 
various defects and increase pipeline wear 
resistance. Thus, the internal surfaces of restored 
pipelines generally become less rough, which 
improves the hydraulic characteristics of water 
supply and wastewater disposal pipeline networks. 
 
 
METHODS  
 
A steel pipeline coated with a protective Subcote 
FLP coating applied to its inner surface was used 
for comprehensive hydraulic studies, including 
modeling of the parameters under study using 
automated software and modern light-profiling 
and profilometry equipment. 
Subcote FLP coating has sanitary and 
epidemiological expert approval No. 
77.01.12.P.014303.09.11 dated September 22, 
2011, issued by the Moscow Office of the 
Federal Service for Surveillance on Consumer 

Rights Protection and Human Wellbeing, 
permitting its application to the inner surface of 
pipelines in drinking water systems. 
The study involved physical testing (on a large-
scale 10-meter-long and a small-scale 1-meter-long 
test bench) and then mathematical modeling of the 
pipeline's performance with the protective coating 
to determine its hydraulic characteristics at the 
same ambient temperature (20°C) using 
appropriate automated software [6, 7]. Hydraulic 
bench testing of the initial protective coating 
sample on a steel pipeline and processing of the 
results using automated calculation systems were 
conducted in the laboratory of the Department of 
Water Supply and Sanitation on a large-scale 
pressure rig (Fig. 1). The small-scale gravity rig 
was made in the form of an open steel inclined 
trough (gutter) with a nominal diameter of 100 mm 
with a thin layer of the coating being tested applied 
to it (Fig. 2), along which a mini-flow of water 
moved in the form of a lens at the end (Fig. 3) [8]. 
 

 
Figure 1. General view of a large-scale 

hydraulic test rig with 10 m long pipes with a 
nominal diameter of 100 mm made of various 

materials (the fourth pipe from the top is a steel 
pipe with a protective Subcote FLP coating) 

 

 
Figure 2. Detail of the top view of a 1 m long 

open inclined gutter with Subcote FLP coating 
applied to it 
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Figure 3. A fragment of the end section of a 
sloped gutter with a Subcote FLP protective 

coating and a mini-flow of moving water 
 
To expand the experimental range, i.e., simulating 
extended water presence duration in pipelines and 
flumes, as well as elevated ambient temperatures, a 
special compact setup was developed. It consisted 
of a cylindrical vessel containing 1 liter of water, 
mounted on a magnetic stirrer. A rectangular 
coating sample of specified dimensions was 
immersed into the vessel and firmly secured. The 
coating samples were positioned at the periphery of 
the cylindrical vessel. The angular velocity of the 
stirrer armature was converted to linear velocity at 
the sample boundary at the vessel periphery. This 
design allowed for monitoring potential roughness 
changes in the protective coating samples during 
their prolonged immersion in water, and also at 
different temperatures. It should also be noted that 
chlorine was added to the water in the cylindrical 
vessel, providing a disinfectant effect. This allowed 
for the potential chemical interaction of the 
resulting chlorides with the test samples to be 
assessed. Thus, the process of water transportation 
through a long pipeline was simulated in a 
cylindrical vessel mounted on a magnetic stirrer, 
with chlorine consumption analyzed. 
In parallel, light (optical) microscopy 
experiments were conducted on these samples 
using an Olympus GX53 inverted electron 
microscope (Japan), which provides high-quality 
images difficult to achieve using conventional 
optical microscopy methods. 
The roughness of the samples was also studied 
using a SEITRONIK PSh 8-3 (SS) profilograph-
profilometer, which allows roughness 
parameters to be determined digitally on a 

microprocessor unit. In both cases, experiments 
were conducted over different time intervals. 
The objectives of the study, when conducting 
research using the listed above alternative 
methods, included comparing the obtained 
hydraulic parameters for identity and the degree 
of their discrepancy. The final result of the study 
was the calculation of possible energy losses 
during water transportation as a result of 
potential changes in the hydraulic characteristics 
of the protective coating samples over time. In 
general, the combination of methods and 
measuring instruments used made it possible to 
obtain a preliminary picture of the possible 
transformation of the hydraulic parameters of 
protective coatings over time. 
 
 
RESULTS AND DISCUSSION  
 
Below are the hydraulic test data for each of 
alternative method and a comparative analysis. 
The results of automated processing of hydraulic 
tests of protective coatings on large and small 
rigs at an ambient temperature of 20°C showed 
similar results. Specifically, the average value of 
the hydraulic friction coefficient  for the 
Subcote FLP coating on the large rig was 
0.01772, while on the small rig it was 0.0181, i.e., 
there is a difference of only 2.14%, indicating a 
high degree of reliability of the obtained results. 
Based on electron microscopy and profilometer 
studies, the following equivalent roughness 
coefficients ke were obtained: 
- 0.03716 mm (light microscopy) 
- 0.0386 mm (profilometry). 
Using Prandtl's formula (1), the hydraulic 
resistance coefficients  were calculated for a 
pipeline with a Subcote FLP protective coating 
as follows [9]: 
 

1
= 2 lg + 1,14 (1) 

 
where  is the hydraulic resistance coefficient of 
the pipeline; d is the internal diameter of the 
pipeline with protective coating (mm); ke is the 
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equivalent roughness coefficient of the pipeline 
(mm) equal to 
- 0.01563 (light microscopy) 
- 0.01575 (profilometry). 
The difference in the results was only 3.73%. 
Thus, the results of experiments on hydraulic test 
benches and the data from light microscopy and 
profilometry can be considered reliable for 
determining the hydraulic friction coefficients 
and equivalent roughness, where, for example, 
the discrepancy between the largest absolute 
value (ke=0.0181 mm) and the smallest 
(ke=0.0163 mm) did not exceed 13.6%. 
When modeling the evolution of hydraulic 
parameters under tangential water flow 
conditions in a cylindrical vessel with samples in 
a prolonged contact with water, the following 
dependencies for the equivalent roughness 
coefficient were obtained (Fig. 4). 
The graph in Figure 4 clearly demonstrate the 
decrease in the equivalent roughness coefficient ke: 
the higher the dose of chlorine introduced and the 
longer the sample is exposed to the cylindrical 
vessel, the lower the equivalent roughness value. 
This trend can be explained, for example, by 
incrustation, which in this situation should be 
considered a positive phenomenon, as it ultimately 
contributes to a reduction in the hydraulic friction 
coefficient  by smoothing out microroughness 
depressions, i.e., roughness peaks. 
A reduction in the hydraulic friction coefficient 
automatically leads to a reduction in energy costs 
during water transportation through pressure 
pipelines. This is confirmed by the graphs in Figure 
5, where the calculation of electricity consumption 
E (kW h per year) was carried out using formula (2) 
 

  E=0,81 Q3 l   24 365 / (d 5  p),      (2) 
 
where Q is the flow rate of water supplied by the 
pipeline (m3/s), at which the flow velocity is 1 
(m/s); d is the internal diameter of the pipeline 
(m); l is the length of pipeline section (m) ;  is 
the coefficient of hydraulic friction; p is the 
efficiency of the pumping unit (0.95); 24 is the 
number of hours the pump operates per day (h); 
365 is the number of days in a year. 

 
Figure 4. Graph of the change in the equivalent 

roughness coefficient ke (mm) as a function of the 
sample's presence time T in a cylindrical vessel 

with a stirrer (Points along the abscissa axis: 1 - 
for the initial sample T = 0 min; 2 - after 
treatment in 167 min with a single dose of 

chlorine at 0.5 mg/l; 3 - after treatment in 334 min 
with a single dose of chlorine; 4 - after treatment 

in 167 min with a double dose of chlorine) 
 
The graph in Figure 5 illustrates the reduction in 
energy consumption depending on the duration 
and dose of chlorine introduced into the water. 
 

 
Figure 5. Graph of the change in energy 

consumption (E) (kWh per year) as a function of 
the sample's presence time T in a cylindrical 
vessel with a stirrer (Points on the abscissa 

axis: 1 - initial sample T = 0 min; 2 - treatment 
after 167 min with a single dose of chlorine; 3 – 

treatment after 334 min with a single dose of 
chlorine; 4 – treatment after 167 min with a 

double dose of chlorine) 
 
Single-run pilot experiments conducted using a 
magnetic stirrer system to examine the effect of 
ambient temperature on changes in the roughness 
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of protective coating walls also revealed a tendency 
toward a decrease in the equivalent roughness 
coefficient as water temperature increased from 20 
to 500°C. Therefore, the obtained results allow us 
to draw a reasonable preliminary conclusion 
regarding the need for continued experimental 
modeling studies across wide temperature ranges 
and durations of water presence in the water supply 
network to confirm the hypotheses regarding the 
transformation of the roughness of protective 
pipeline coatings during pipeline operation. For 
these purposes, a comprehensive and detailed 
analysis of the chemical composition of water and 
coating samples over time is envisaged. 
 
 
CONCLUSIONS 
 
1. The results of a study of the hydraulic 
characteristics of pipelines coated with Subcote 
FLP using alternative methods as well as promising 
methodological approaches for determining the 
possible transformation of equivalent roughness 
parameters and other parameters during long-term 
pipeline operation and changing temperature 
conditions are presented. 
2. The experimental results demonstrate the 
validity of using various methods to determine the 
set of characteristics required by designers for 
pipes coated with protective coatings. 
3. The focus of subsequent research will be on 
analyzing and establishing strict patterns of 
changes in the chemical composition of water and 
samples of Subcote FLP protective coatings and 
other types of polymer spray-on protective 
pipeline coatings, in particular, Scotchkote 169 
HB, which has also found wide application in 
trenchless pipeline renovation. 
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network to confirm the hypotheses regarding the 
transformation of the roughness of protective 
pipeline coatings during pipeline operation. For 
these purposes, a comprehensive and detailed 
analysis of the chemical composition of water and 
coating samples over time is envisaged. 
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2. The experimental results demonstrate the 
validity of using various methods to determine the 
set of characteristics required by designers for 
pipes coated with protective coatings. 
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analyzing and establishing strict patterns of 
changes in the chemical composition of water and 
samples of Subcote FLP protective coatings and 
other types of polymer spray-on protective 
pipeline coatings, in particular, Scotchkote 169 
HB, which has also found wide application in 
trenchless pipeline renovation. 
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