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Abstract. The features of the thermovision control of open substations electrical equipment
when exposed to air flow (wind loads) are considered. Wind loads have a significant impact on
the change (decrease) of the surface temperature of electrical equipment, which is confirmed
by the experimental data presented. Disregarding wind loads impact reduces the reliability of
the results of thermovision tests and subsequent expert evaluation, including hidden defects in
the structure. There is no method for assessing the effect of air flow on the surface temperature
of the object under study. The lack of a technique is a cause of deterring the use of
thermovision diagnostic methods for evaluating electrical equipment. In order to take into
account the impact of wind loads, a method developed by the authors for considering the
cumulative influence of numerous factors was proposed for estimating the density of heat
fluxes in the volume of electrical and dielectric materials during operation. The collection of
experimental data was carried out for objects from various materials: porcelain, aluminum,
nichrome. The main factors influencing the surface cooling intensity are substantiated: excess
of the surface temperature blown by the wind Ats, external diameter D of the structure, air
speed v, medium temperature To, thermal conductivity coefficients of materials, surface
emissivity coefficients, electrical resistance of conductors, and features of the shape of the
analyzed node. As a result of the analysis of experimental data, it was found that with an
increase in the speed of the air flow up to 5 m /s, the temperature decreases by 25-30 °© C. The
sharpest decrease in temperature of the objects under study is observed with an increase in the
speed of the air flow from O to I m/s.

1. Inroduction
Guiding documents [1,2,3] regulate the content, norms, deadlines, and expert evaluations of the
thermovision (thermographic) tests results of electrical equipment at electrical substations. However,
when describing the technology of thermovision tests, information on accounting and assessing the
effect of wind speed on the surface temperature of equipment in an open substation is not given [4].
Tests are organized and carried out taking into account planned and unscheduled analysis at any
time of the year and day. In practice, thermovision control of equipment in open substations, as a rule,
is carried out in the presence of air flow.

2. Materials and methods
The accumulated practical experience of thermovision diagnostics shows that air flow negatively
affects the final result (expert assessment); with the wind the temperature of the surface of the

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



4th International Scientific Conference “Arctic: History and Modernity” IOP Publishing
IOP Conf. Series: Earth and Environmental Science 302 (2019) 012105  doi:10.1088/1755-1315/302/1/012105

surveyed object decreases, approaching the ambient temperature. Product surface temperature rise Atd
defined as the temperature difference between the surface of the object (defect) Tq and the
environment To:

Atg = T4 - Ty, (1)

— decreases, and therefore the likelihood of detecting developing defects by the method of
thermovision diagnostics falls.

In the early research concerning thermovision development [5], an empirical expression of the
following form was used:

Aty | At = (valvy)", )
Aty, At; — values of object surface temperature rise, measured at wind speeds equal to v1 and v2:

Atl(vl) = tW(Ul) —To; (3)

Atx(v2) = tw(v2) — To. 4

When the speed of the air flow from 0.2 to 7.0 m / s, the parameter n in the calculations is assumed
to be constant n = 0,448 [5].

In the process of thermovision testing of the equipment of an open substation in windy weather, the
value tq(v, To) of the alleged defect is determined experimentally at ambient temperature 7b.

The most important task is to develop an expert decision on the degree of defectiveness of a
particular node of equipment. For example, not only the maximum permissible heating temperature
of metal contacts is regulated, but the permissible temperature rise of the contact (above the
effective ambient air temperature Terr = 40 °C [6,7].

Therefore, in order to predict the development of a defect, it is necessary to estimate the
temperature tq (0, T) of the node at zero wind speed at any ambient temperature T, including the
temperature Tes.

It is obvious that the use of relation (2) to recalculate temperatures from wind speed v to zero speed
in the framework of the considered problem is impossible.

Thus, the relation (2) partially reflects the effect of wind speed on the temperature of the object
being blown, but it cannot adequately take into account many modes of forced and mixed convection,
determined by the geometry of the objects under study (height, diameter and other characteristics),
velocity value and direction of the wind speed.

3. Results and discussion

To solve this problem, we have proposed accounting method of numerous factors cumulative effect
for estimating the density of heat fluxes in the volume of electrical and dielectric materials during
operation, calculating heat transfer coefficients, emissivity of materials of test objects, their geometric
dimensions, shape and other factors. Features of the software are described in [8-11].

Consider the results of experimental verification of the effect of wind speed on the objects of study
from metal (aluminum, nichrome wire) and dielectric (porcelain) materials and analyze the
conclusions obtained on the basis of mathematical models.

Acrtificial air flow was provided by local airflow with a direction perpendicular to the surface of the
object of study. Wind speed in the range from 0.0 to 5.0 m / s was measured with an ATT-1002
anemometer with an accuracy of +0,1m/s.

Experimental values of surface temperature of porcelain twe in the wind (twwe Without wind), with
nichrome or aluminum conductors twn, twa (twwn, twwa Without wind), air temperature to (To = 22-24 °C)
was controlled by thermocouples with an accuracy of 0,1 ° C, as well as by the thermovision method
using FLUKE Ti-400, TESTO-875i.

The experimental values of the temperature rise Ateyy Were calculated using the relation (1);
theoretical values Atmeor Were calculated using the developed programs.
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Initially, the effect of wind speed on an uninsulated metal wire (nichrome; diameter Dy = 0,0015
m) was estimated. In the experiment, the conductor was heated with a current to the value of tywe
without air flow (v = 0), after which the conductor was blown with air flow.

In Figure 1, the dots indicate the temperature rise of the cooled conductor. Continuous lines reflect
the results of a theoretical calculation of the temperature rise of the nichrome wire at air flow speeds in
the range from 0,0 to 5,0 m/ s, taking into account the shape, diameter, electrical resistance, and the
degree of emissivity of the material.

It is obvious that with an increase in the speed of the air flow to 5,0 m /s, the temperature rise
Atawn nONlinearly decreases by more than 25-30 © C compared with the data at the “zero” wind.

Subsequently, as test objects coaxial construction: bushing insulator (material - dielectric,
porcelain; external diameter Dp = 0,050 m; height H = 0.2 m) was chosen. A metal wire is installed on
the central axis of the insulator (nichrome; diameter Dn = 0.0015 m) through which an electric current
of a given magnitude flows.
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Figure 1. Wind speed effect v on the temperature rise Atun (V) of wire (nichrome) at different initial
values Atuwwn

As the current increases, the temperature of the wire increases, the radial heat flux increases, and,
ultimately, due to the thermal conductivity of air in the cavity and the volume of the dielectric, the
temperature of the outer surface of the porcelain rises to a stationary twe value in the wind or tuwwe
without wind.

For example, at a fixed conductor current, the steady state of the temperature of the outer surface of
a porcelain insulator without wind is Atwwe = (13 + 0.2) ° C (Fig. 2).

The correlation between the values of the excess temperature of the porcelain insulator Atwe (v) and
the values of the air flow velocity (Figure 2, experimental points) shows that a sharp decrease in the
temperature of the dielectric surface (from 13 ° C to 5 ° C) is observed in the speed range from 0, 0 to
1,0 m/s. After that the influence of the flow velocity is less significant. In general, as the air flow rate
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increases from 0.0 to 5,0 m /s, the temperature rise of the outer surface of the porcelain insulator falls
by more than 6 times.

Continuous lines approximating the experimental values (Figure 2) are drawn according to the
results of calculating the values Aty (V) using the algorithms described above.
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Figure 2. Wind speed effect v on the temperature rise Atwp (v) of the porcelain insulator surface
with a fixed initial value Atwwn
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The analysis of the presented results shows that the greatest cooling of the porcelain insulator
surface occurs in the area of wind speeds from 0,0 to 3,0 m / s, typical for performing thermovision
diagnostics of equipment at open substations.

The diagrams obtained in the process of factor analysis allow us to estimate the temperature rise of
the surface of the node without wind Atwwe with known initial results of thermovision tests:
temperature rise of the node with a known speed of air flow.

Consider the results (Figure 3) obtained when comparing the small diameter porcelain insulator (D
= 0,05 m) with constant (D; To) and variable (v; Atwr) factors. For the analysis, we selected range of air
flow speeds, v in the range from 0 to 5 m / s and temperature rise values of the blown surface, Atyp in
the range from 1 to 12 °C.
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Figure 3 Various factors effect on the assessment of the porcelain insulator (D1 = 0,05 m) Atywe rise

For practical assessment, the scale of temperature rise values (Atwp) of the surface is divided into
intervals of 0,5 ° C. Similarly, the magnitude scale of the possible values of the air flow speed has 16
intervals.

We consider an arbitrary calculation of the temperature rise of the porcelain insulator (Figure 3).
During the test, we select the following influencing parameters: v = 3,5 m/'s; Atwe = 12 °C. In order to
fix the conditional points A and B, we denote vertical lines to the intersection with the hypersurface.
On the hyperplane (v; Atwe), using the lines of the corresponding intervals, we fix the position of
points C and D. With the help of verticals from points C and D we find nodes E and D, respectively,
which are located at the intersection of the corresponding lines of the intervals. From point F (segment
CF, parallel to CD) we raise the perpendicular to point D.

Using grids of lines crossing the Z axis, it is possible to find the temperature rise Atywp ~ 45 ° C
(without wind) for a porcelain insulator (D1 = 0,05 m). The relative error of calculations by various
methods does not exceed a value from 2 to 4%.

Correlation analysis allows us to compare the results of calculations obtained for products with
porcelain insulation with arbitrary values of external diameters. In particular, at D = 0,5 m the value is
A twwe = 23 °C, at D3 = 0,7 m - A tuwe Up to 19 °C.

We suppose that analysis of the metallic conductors cooling with air flow is interesting.
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Figure 4. The various factors effect on the estimate of the Atuwa (v, Atwa) rise of the aluminium
wire surface (D = 0,02 m)

Analysis of the obtained results with accounting the cooling of the objects in the form of
aluminium wires with diameters (D, = 0,02 m, D, = 0,03 m, D, = 0,04 m) typical for power
substations is shown in Figure 4. For example, with initial v=3 m /s and Awa =5 ° C for a wire with a
diameter of 0,02 m, the value of the surface temperature rise without wind is Atwwa ~ 25 ° C.

We compared the influence of the wire diameter values on the temperature rise Atwwa (Without
wind) of its surface under the same initial conditions: when the air flow rate is 4 m/ s, the value of the
temperature rise of the wires Atwwa = 12 ° C. The calculation showed that as the wire diameter
decreases from 0.04 m to 0.02 m, the temperature rise of the surface Atwwa increases from 54 ° C to 58
°C.



4th International Scientific Conference “Arctic: History and Modernity” IOP Publishing
IOP Conf. Series: Earth and Environmental Science 302 (2019) 012105  doi:10.1088/1755-1315/302/1/012105

4. Conclusion

Cooling of electrical equipment (contact connections, dielectric insulators, tires, wires) of open
substations with air currents changes the surface temperature and negatively influences the expert
judgment during thermovision tests.

Evaluation of the wind impact on the surface cooling of the nods and structures is possible
considering the factors, among which the most important are: temperature rise of the surface blown
by the wind Atw, external diameter D of the structure, air velocity v, medium temperature To.
Additional factors include: thermal conductivities of materials, coefficients of surface emissivity,
specific electrical resistance of conductors, shape features of the analyzed node (wire, tyre, porcelain
tire) and others.

Lack of assessment method determining the effect of wind speed on the temperature of the defect
surface (especially at the initial stage of development) limits possibilities of using thermovision
equipment.

The obtained results emphasize the relevance and the need to develop methods considering the
effect of wind speed on the final expert assessment in the diagnosis of electrical equipment.
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