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Improving the operation characteristics of non-insulated 
overhead power lines 

 
 

Abstract. Methods of protection of wires of overhead power lines of group "anti-icing" are analyzed. The expediency of applying the winding method 
of protection of wires of overhead lines in operation for a long time is shown. Based on numerical simulations of the hydrodynamic problem, the 
degree of influence of the protective coating on the wind load of the wire is analyzed. The research results showed a decrease in the modified wire's 
drag coefficient with increasing wind speed. 
 
Streszczenie. Przeanalizowano metody ochrony przewodów linii napowietrznych z grupy „przeciwoblodzeniowa”. Pokazano celowość zastosowania 
metody uzwojenia do ochrony przewodów linii napowietrznych eksploatowanych od dłuższego czasu. Wykorzystując symulacje numeryczne 
zagadnienia hydrodynamicznego analizowany jest stopień wpływu powłoki ochronnej na obciążenie żyły kabla wiatrem. Wyniki badań wykazały 
spadek współczynnika rezystancji zmodyfikowanej żyły wraz ze wzrostem prędkości wiatru. (Poprawa charakterystyk pracy nieizolowanych 
napowietrznych linii elektroenergetycznych) 
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Introduction 

In 2020, the power distribution system of Ukraine 
included more than 330 000 km of overhead power 
transmission lines (OHTL) with a voltage of 6-35 kV [1]. The 
vast majority of these lines were built using all aluminium 
conductors (AAC) and aluminium conductor steel reinforced 
(ACSR) grades A and AC (European analogs, respectively, 
A and A/S [2]). These wires are a rope-like structure 
obtained by twisting individual cylindrical wires around the 
central one. Experience of operation of such OHTLs has 
shown their reduced reliability to extreme environmental 
influences, particularly wind and ice-wind loads. That is 
primarily due to the design features of the wire, due to 
which it has a greater drag coefficient under certain 
conditions than the cylinder of equivalent diameter, and its 
shape contributes to the accumulation of ice-frost deposits, 
which leads to increased mechanical loads on the OHTL. 

In the 1980s, to eliminate the drawbacks of AAC and 
ACSR wires, the development of protected wires type SAX 
has begun in Finland. Today, the SAX system includes 
wires insulated with cross-linked polyethylene, the 
necessary linear armature, lightning protection, and 
vibration protection devices. Implementing the SAX system 
allowed to increase the reliability of overhead lines by 
reducing the adhesion of ice-frost deposits to the polymer 
insulation of the wire, reducing the drag coefficient, and 
eliminating the possibility of interphase shortcut circuits due 
to touching of wires and tree branches. 

Today, Ukrainian manufacturers also manufacture 
shielded wires of type SIP-3 for 6-35 kV overhead lines, but 
they have not yet become widespread in the power grid. 
This situation appears because of high initial capital costs 
for the construction of new OHTLs; for example, only the 
most protected wires have about 1.5 times higher cost than 
wires of types AAC, ACSR. At the same time, a significant 
part of the overhead lines of 6-35 kV distribution networks 
have exhausted their normal service life but are in operation 
due to a lack of resources for their reconstruction and 
replacement. Therefore, there is a need to develop specific 
ways to improve the design of transmission line wires of 
distribution networks in operation. 
 

Review of publications 
All known methods of protection of OHTL wires from ice 

loads are divided into two large groups: "de-icing" (DI) and 
"anti-icing" (AI) [3]. 

The methods of the DI group consist in the OHTL wire 
release from ice-frost deposits when the values of 
mechanical loads on their linear elements close to the 
critical ones are reached. Typically, these goals bases on 
using the melting process of ice by artificial short-circuit 
currents. However, this method has not been widely used in 
the distribution networks of electricity companies. First of 
all, this happens because of the electrical equipment 
operation at melting ice process in modes close to the faulty 
ones. It can occur in some cases of forced technological 
breaks or interruptions in electricity supply to consumers, 
with the need to attract additional investment, for example, 
specialized equipment needed to adapt the power system 
with the OHTL [4, 5], as well as in the absence of a 
guarantee in the success of a particular smelting. In 
general, the power system consists of both components 
with lumped parameters and components with distributed 
parameters. Modelling the state of such a system requires 
the development of complex algorithms, for example, based 
on diakoptic approaches, and the use of modern software 
[6]. Thus, the methods of DI group are of little use for 
distribution networks that have a significant service life. 

The methods of AI group AI are designed to wholly or 
partially prevent the formation of ice-frost deposits on the 
wire of the OHTL by creating a protective coating on it. 
Among these methods, the most common is a subgroup of 
so-called passive methods, i.e. those based on creating 
protective coatings that do not require an external source of 
energy for their work. The technology of applying a 
protective coating on the wire can be classified as follows: 
plasma spraying, extrusion, dyeing (lubricating), and 
winding [7-11]. 

Plasma spraying methods [7] and extrusion can be 
implemented only in production conditions and dyeing and 
winding [8-11] in the field conditions. 

The painting method consists of applying unique 
chemical compounds to the wire through pneumatic 
spraying, lubrication, immersion, etc. The protective 
coatings created in this way can reduce the adhesion of 
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water and ice droplets to the wire, and enter into an 
exothermic reaction with water droplets with intense heat 
release. 

The main reasons that have interfered with the 
widespread implementation of these technologies in electric 
distribution networks are: 

– a limited number of working cycles of "freezing- 
melting" of chemical compounds, and hence the need to re-
apply them before the start of the ice season; 

– high-quality application of some protective coatings 
requires multi-stage preparation of the wire surface, which 
is difficult to implement in the field; 

– the effectiveness of many protective coatings is 
reduced due to their interaction with natural or technogenic 
pollutants. 

By shell methods, a rigid protective shell on the trans-
mission line conductors is created, which has hydro-ice-
phobic properties or promotes self-cleaning of the wire from 
ice-frost deposits during wet growth. A variant of the shell 
method is winding, consisting of a spiral winding on the 
surface of the tape wire, which performs a protective 
function [8-11]. 

The main advantage of the winding method is the 
possibility of its implementation on overhead transmission 
lines during operation. Technical implementation of this 
method can achieve lower costs by using robots based on 
Line-Scout technology [12]. 

Creating a protective shell on the surface of the wire will 
change its aerodynamic drag and hence change the wind 
load on the overhead transmission line in general. Many 
theoretical, laboratory and field studies were conducted to 
assess the influence of roughness on the drag coefficient of 
the OHTL wire form. As a result, new types of wires with 
reduced aerodynamic drag were developed [13-15]. 
However, they are designed for high and ultra-high voltage 
overhead transmission lines. Therefore, the problem of 
estimating the change in the load on the modified OHTL 
wire of the distribution power networks from wind is actual 
till now. 
 
Basic researching principles 

To more effectively solve the stated goal, the problem of 
determining the influence in wind load on the modified wire 
was divided into two more straightforward tasks: 

1) determination of the drag coefficient CD of the 
modified wire; 

2) assessment of the change in load P from wind 
pressure on the modified wire. 

Wires of grades A (AC) are a rope-like structure 
consisting of one or more layers of wires spirally wound 
around the central core. The adjacent wires inside one 
winding touch each other at two diametrically opposite 
points. It is a peculiarity of the wires of these types. As a 
result, the outer contour of the wire consists of the sum of 
the upper arcs of the upper winding wires (Fig. 1, a). 
Therefore, the transmission line wire has a complex 
geometric shape, so the study of CD changes should be 
carried out by computer simulation. 

   
a)    b) 

Fig. 1. General type of prototypes: 
a) AC-50/8 wire; b) modified wire 
 
Statement of the first problem 

Homogeneous air flow with a constant velocity v is fed 
perpendicular to the longitudinal axis of the sample. The 

flow rate of the test samples is such that the Mach number 
is M << 1. It is necessary to determine the drag coefficient 
of the shape of each test sample (Fig. 1) when changing the 
airflow rate in the range from 6 m/s to 35 m/s; to equate the 
calculated values of the component of the coefficient of 
aerodynamic drag along the axis x for a circular cylinder 
with the data of physical experiments. 

The hydrodynamic problem was solved by numerical 
simulation in the Fluent software module of the ANSYS 
software package. The motion of the fluid is described by 
the Reynolds-Averaged Navier-Stokes (RANS) equations 
[16]. 

The following assumptions were made during the 
simulation: 

– air is an incompressible, viscous liquid; 
– fluid regime is turbulent; 
– point contact between the ends of the arcs of the 

envelope curve of the wire AC-50/8 is replaced by arcs of 
fixed size; 

– the shell of the modified wire is solid and has a 
thickness of 0.5 mm; 

– the circular cylinder's diameter is equal to the diameter 
of the wire AC-50/8: dc = dw = 9.6 mm; 

– the effect of the sample length on the CD is neglected; 
– the flow is directed perpendicular to the wire and the 

arc segment of the modified wire (Fig. 2, b, c). 
The solution to this problem is performed in a two-

dimensional flat formulation, so appropriate profiles were 
pre-built for each prototype. 

The wire profile is based on a section of steel aluminum 
wire AC-50/8 (Fig. 2), which has been in operation for more 
than 15 years. A section usage made it possible to 
determine the actual height of the arcs of the wire leading 
round. Due to the deformation of the wires during the 
retraction of the wire under operation conditions, their 
contact points were shifted from the center of the wire by an 
average length of 0.26 mm. 

 

   
a)   b)  с) 

 
Fig. 2. Wire of the AC-50/8 type: 
a) section; b, c) 2D models of profiles 
 

The modified wire profile is obtained by connecting the 
vertices of the rounding arcs with segments, followed by the 
displacement of the resulting hexagon with smoothed 
angles at a distance of 0.5 mm from its center. 

 

 
Fig. 3. Calculation domain and boundary conditions 
 

The computational domain of the model was developed 
considering the experience of conducting similar numerical 
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experiments [15, 17, 18] and is presented in Fig. 3. The 
distance from the test sample to the sidewalls of the domain 
was assumed to be equal to 25dw. The area occupied by 
the test sample was excluded from the calculation. 

In numerical modeling, the accuracy of calculating the 
drag coefficient CD of the shape of the sample is determined 
by the correctness of the choice of turbulence model and 
construction quality of the calculation grid. 

In solving the problem, the Spalart-Allmaras model (SA) 
was chosen to consider fluid turbulence [16]. 

The Spalart-Allmaras model is a relatively simple one-
parameter model that describes the entire flow region, 
including the boundary regions. It gives good results for 
moderately complex flows in the boundary layer under a 
pressure gradient in external aerodynamics problems. Its 
features are fairly good stability, reliability, and relatively low 
requirements for computing resources. 

The chosen turbulence model is sensitive to the details 
of the calculation grid, especially in the boundary layer area. 
Therefore, the thickness of the first layer of elements (cells) 
of the grid significantly impacts the accuracy of calculations. 
To save computing resources, curved structured (regular) 
grids were used. Their quality was controlled by the 
dimensionless parameter of the near-wall layer y+, which 
was in the range of y+ ≤ 1.0, according to the 
recommendations presented in [16]. Thus, grid sets were 
created for the profile of each prototype. The obtained sets 
of grids were also checked for regularity by increasing their 
frequency until the grid convergence of the mathematical 
problem solution was achieved. 

Solvers of the second order of accuracy were chosen to 
solve the model equations. 

The following initial and boundary conditions were set 
during the simulation: 

– pressure and speed communication scheme: coupled; 
– the test sample is stationary during the flow; 
– flow temperature (air), ta = 273.16°K; 
– flow density, ρt=0 = 1.293 kg/m3; 
– input condition: inlet (velocity), vx = {6, 10, 15, 20, 25, 

30, 35} m/s; 
– output condition: pressure outlet, pG = 0 Pa; 
– condition on the surface of the sample: wall. 
The drag coefficient of the shape of the samples is 

calculated by the well-known expression: 
 

(1)  2
2

2
sinD

F
С

v S
 


, 

 

where: F is the total force acting in the direction of flow on 
the test sample, N; ρ is air density, kg/m3; v is air velocity, 
m/s; S is the characteristic area of the sample perpendicular 
to the airflow, m2; φ is the angle between the direction of 
wind flow and the surface of the wire, under the condition of 
the task φ = 90°, so sin φ = 1. 

The numerical experiment was performed for sections: 
the circular cylinder with a diameter of 9.6 mm; the wire was 
of AC-50/8 type; modifications of the wire AC-50/8* with a 
wall thickness of the protective coating equal to 0.5 mm. 

The mathematical model setup was performed by 
determining the aerodynamic characteristics of the circular 
cylinder and comparing the obtained results with the data 
defined from physical experiments, the results of which are 
given in [19, 20]. 

All prototypes: the cylinder, the overhead line wire, the 
hexagon with rounded faces (modernized wire) are 
inconveniently streamlined bodies, forming a large 
separation area with back-circulating flows due to a 
significant increase of pressure (Fig. 4, Fig. 5) [21]. The 

Reynolds number (Re) for all samples under selected 
conditions is in the range of 4.3ꞏ103-4.0ꞏ104. 

 
Fig. 4. Speed distribution in the cross-section of the wire of AC-50/8 
type (v = 25 m/s) 
 

 

 
Fig. 5. Speed distribution in the cross-section of the modified wire 
of AC-50/8* type (v = 25 m/s) 
 

The wrapping structure of the AC-50/8 wire in the cross-
section was obtained based on the developed numerical 
model is presented in Fig. 4. On its front part, the zone of 
stagnation with zero speed is formed. On the bow, the 
pressure distribution corresponds to the theoretical 
pressure distribution when flowing through the flow of a 
non-viscous liquid. On the reverse side, there is a large 
area of separation with reverse circulation. In the 
depressions between the wires of the wire are formed 
reverse flows of low speed. The change in flow structure 
leads to a significant decrease in pressure. The main flow 
separation is observed in the upper part of the wire. At 
breakpoints in the depressions, reverse currents of low 
velocity not more than 1 m/s are formed. 

In Fig. 5 the distribution of speed in the cross-section of 
the wire AC-50/8* is given. Compared to the AC-50/8 wire, 
which has six wires in the upper twist, the modified wire has 
no small circulation zones between the individual wires. 
Although it also has discrete vortices that distort 
mainstream flow lines. They have slightly less power. Two 
stagnant zones are formed on the sides of the modified wire 
(bottom and top), leading to flow separation. 

 
 

 
Fig. 6. Dependence CD = f(v) of the experimental samples 
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The change in the drag coefficients of the mold for all 
test specimens depending on the flow velocity is presented 
in Fig. 6. For the cylinder, this parameter is nonlinear and 
tends to local growing. Absolute error between the 
calculated value of the drag coefficient of a smooth cylinder 
shape according to the developed model and the 
experimental data presented in [13] varies between 3-8%. 

The peculiarity of the wire of the OHTL of the 
conventional design is that its phenomenon of the drag 
crisis corresponds to smaller values of the Reynolds 
number than for a smooth cylinder of equivalent diameter. 
In this case, the obtained calculated data differ significantly 
from the experimental ones, so there is no decline in the 
obtained dependence of the CD = f(v) in the speed range 
11-15 m/s (Fig. 6). The calculated values of the drag 
coefficient for the AC-50/8 wire at the Reynolds number 
above the transition number are in the range of 0.97-0.985 
(Fig. 6), which are close to the results of experimental 
studies presented in [13] (CD = 0.98-1.0) and to the 
generally accepted normative value of 1.2 for maximum 
wind loads [22]. The drag curve of the shape of the modified 
wire changes linearly and is descending. 
Statement of the second problem 

Standard and modified wires of the overhead 
transmission line of failure class of 2KB type [22] of the 
distribution network are under load because of the wind 
pressure. It is necessary to determine the change in wind 
load when replacing the standard wire with a modified one 
in the range of wind speeds from 6 m/s to 27 m/s. 

In the general case, the wind load on the wire can be 
determined from (1): 

  2 21
sin

2 DF С v S   . 

 

Then the change in wind load on the wire will be 
  1 2F F F   , 
 

or in expanded form 
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where indices 1, 2 are concerning, respectively, to the 
parameters of standard and modified wire; ΔS is the 
increase in the characteristic area of the wire due to the 
creation of a protective sheath of the wire ΔS = S2 – S1. 
 

It follows from (2) that the reduction of the wind load on 
the wire can be achieved by reducing the roughness of its 
surface (CD1 > CD2) and the use of the minimum allowable 
wall thickness of the protective coating (ΔS → min). 

The dependence of the change in load on the wire from 
the airflow flow calculated using the formula (2) is presented 
in Fig. 7. 
 

 
Fig. 7. Dependence of change of wind load on the wire from wind 
speed 

Discussion 
Analysis of the obtained data of the numerical 

experiment (Fig. 7) shows that the creation of a protective 
coating on the wire AC-50/8 changes the wind load on it in 
the range from –7.0% to +2.5%, so at wind speeds from 15 
up to 25 m/s it decreases, and at higher speed begins to 
increase. This negative load change can be offset by 
optimizing the protective coating profile. It is expected that 
with increasing wire diameter to be modified, the effect from 
a decrease of CD will increase and can be increased to 30% 
after the point of drag crisis (wind speed range 25-40 m/s) 
[13]. 

Further research aims to determine the critical wall 
thickness of the protective coating (critical diameter of the 
modified wire), that is, the value of the thickness of the 
protective sheath of the wire, to which the wind load on its 
does not increase. 
 
Conclusions 

1. The expediency of using the winding method in 
creating passive protective coatings on uninsulated wires of 
the OHTL, which are in operation based on LineScout 
technology, is substantiated. 

2. It is established that due to the change of the 
aerodynamic profile of the standard wire AC-50/8 after its 
modification, the coefficient of resistance of the form 
decreases with increasing wind speed. 

3. It is established that the creation of a protective 
coating on the wire AC-50/8 using the winding method at 
low wind speeds (up to ≈25 m/s) is decreased the wind load 
on it to 7.0%. At high wind speeds (25-35 m/s), on the 
contrary, it is increasing to 2.5%. So, this method is 
sufficiently effective for overhead lines in operation. 
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