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EXPERIMENTAL STUDY ON HEATING OF 
UNINSULATED ELECTRICAL CONDUCTORS  
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Rezumat. În aceast  lucrare autorii prezint  rezultatele ob inute în laborator privind înc lzirea i r cirea 
conductoarelor electrice neizolate. Este descris  instala ia experimental  utilizat  i rezultatele ob inute la 
m sur tori. Temperaturile ob inute prin m sur tori sunt comparate cu cele determinate analitic utilizând 
procedurile precizate în standarde interna ionale. Se arat  modul de determinare a constantei de timp pentru 
regimul tranzitoriu.  
Cuvinte cheie: înc lzire, conductoare electrice, determin ri experimentale 

Abstract. In this paper the authors present the results obtained in the laboratory on heating of uninsulated 
electrical conductors. It is described the experimental system used and the results obtained in measurements. 
Temperatures obtained by measurements are compared with those determined analytically using the procedures 
specified in international standards. It shows how to determine the time constant of the transitional regime.  
Keywords: heating, electric conductors, experimental determinations  

1. INTRODUCTION 

Temperatures steady of the uninsulated  
electrical conductors are relevant to determining 
the maximum permissible current supportable by 
current paths, particularly for overhead lines. 
Maximum temperature allowed in the steady state 
by the conductor are given by their manufacturers. 
It is arranged so, as the conductors not to lose  
mechanical properties irreversibly under the effect 
of heat. For conventional steel-aluminum 
conductor, the maximum allowable temperature is 
70-80 ºC, while the modern conductors is over 200 
ºC, [1], [2],[3]. 

Temperature of the conductors depends on the: 
 current RMS value 
 resistivity material / materials 
 Environmental conditions (temperature, 

wind, humidity, solar irradiance). 
Determination of the maximum permissible 

temperature is important both in the design phase, 
to verify that overhead lines can carry electrical 
power projected, and in operation phase, to check 
the possibility of taking over the lines in degraded 
modes or withdrawal from service for their 
revision. 

Estimated temperatures reached during the 
design phase is based on the methodology 
established by international standards [4], [5]. The 
influence of environmental conditions on the 
temperature of the conductor is shown in [6]. The 
conditions of use of the conductor at temperatures 
above 100 °C is discussed in [7]. In [8] it is given 
own methodology for estimating temperature by 
numerical simulation. 

In this paper, the authors present experimental 
results for an Al conductor and compares them 
with results of the methodologies presented in [4], 
[5]. It also shows a method for estimating time 
constant in the transient regime. 

2. EXPERIMENTAL INSTALLATION USED 
AND RESULTS 

Figure 1 shows a schematic diagram of the 
experimental installation. The current adjustment 
through the conductor is made by changing the 
supply voltage of the current kit with 
autotransformer. Tests were done in the laboratory, 
in cold weather, with the window open.  

The results of the measurements obtained 
for three values of the current setting are given 
in the Tables I,II,III. 
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Fig. 1.  Scheme of experimental installation 

 
Table I 

The results of measurements  
at  51A current 

No. Time 
[s] 

Conductor 
temperature 

[ºC] 

Current 
[A] 

1 0 23 51 
2 36 35 50.5 
3  60 44 50 
4 90 54 49.6 
5 120 61 49.3 
6 150 66 49 
7 180 70 48.5 
8 210 71.5 48.2 
9 240 74 47.8 
10 300 75 47.4 
11 360 75 47 
 

Table II 
The results of measurements  

at  42.5A current 
No. Time 

[s] 
Conductor 

temperature 
[ºC] 

Current 
[A] 

1 0 22 42.5 
2 30 29 42.5 
3  60 37 42.1 
4 90 44 42 
5 120 49 41.3 
6 150 53 41.2 
7 180 55 41 
8 210 57 41.2 
9 240 58 41 
10 270 59 40.8 
11 300 59 40.5 

 
 

Table III 
The results of measurements  

at  60.4A current 
No. Time 

[s] 
Conductor 

temperature 
[ºC] 

Current 
[A] 

1 0 21 60.4 
2 30 36 59 
3  60 49 58 
4 90 62 57 
5 120 73 56 
6 150 81 55.7 
7 180 55.2 55.2 
8 210 54.4 54.4 
9 240 88 54.2 
10 270 89 53.5 
 
From the Tables it is observed that the current 

value was not strictly constant due to conductor 
resistance changes with temperature. It is noted 
that the temperature stabilized value is reached 
within 300 s. 

3. DETERMINATION OF THE TIME 
CONSTANT IN THE HEATING REGIME 

 
If it is estimated theoretical curve of 

temperature variation during the transition period 
by a relationship of the form: 

  
(1) 

 
 
where 0 is initial temperature, max - final 
temperature 

Determination of the time constant T was done 
by the method of least squares, requiring that the 
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difference between the theoretical curve and the 
curve determined practical to be as small as. We 
solve the optimization problem: 

                                                       
 
(2) 

  
 

From minimizing the function of the time con-
stant T is obtained the values given in the Table IV. 

 
Table IV 

Theoretical time constant for the 3 tests  
No. 0 

[ºC] 
max 

[ºC] 
T 
[s] 

1 23 75 93.68 
2 22 59 92.36 
3 21 89 86.64 

 
Graphical representation of the experimental 

and theoretical curves is given in Figures 2,3,4. 
 

 
 

 
Same difference is observed in the 3 theoretical 

and experimental curves. This can be explained by 

the fact that, for the theoretical curve, the radiation 
losses is integrated into  the convection losses, that 
are linear with temperature. 

 

 
 

Fig.  4. The heating curve for I=60.4A 

4. THEORETICAL ESTIMATION OF THE 
FINAL TEMPERATURE 

 
This estimate was made by the CIGRE  

methodology [4] and by the IEEE methodology [5]. 
The two methodologies, while taking into account 
environmental factors similarly, they are 
distinguished. Thus CIGRE methodology uses the 
invariants Reynolds and Nusselt to determine heat 
transfer coefficient, while the IEEE method uses 
experimental factors to the calculation of the heat 
flux transferred by convection. 

Overall heat balance equation is: 
 

Wrccrsmj PPPPPPP   (3) 
where: 
Pj – joule heating [W/m] 
Pm – magnetic heating, [W/m] 
Ps – solar heating, [W/m] 
Pcr – corona heating, [W/m] 
Pc – convective cooling, [W/m] 
Pr – radiative cooling, [W/m] 
Pw – evaporative cooling, [W/m]. 

 
In our laboratory situation, occur only three 

terms in relation (3): Pj, Pc i Pr. Joule loss is 
determined by the relation (W/m) : 

   
 (4) 

 
where 
 20 – aluminum resistivity at ºC, 

   
- conductor cross section, [m2] 
 

Fig. 3. The heating curve for I=42.5A 

Fig. 2. The heating curve for I=51A 
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R – coefficient of variation of resistance with 
temperature, [ºC-1] 
I – current in circuit, [A]. 

Convection losses (W/m) are determined 
differently in the two methodologies. In the case of 
the method from reference [4]:   
                                               
            (5) 
 

c – transfer coefficient by convection, [W/m2·ºC] 
a – ambient temperature, [ºC] 

The coefficient c is determined based on the 
flow regime of cooling fluid (air). Was attempted 
first, calculus with a air speed v = 0 (natural 
convective cooling) but were obtained too large 
error. Being a room with open windows, was taken 
velocity v = 0.18 m / s, the recommended value in 
[9]. The transfer coefficient by convection, c, is 
determined using invariants Reynolds and Nusselt: 
   
   (6) 
            
where B1 and n are given in a table in the 
methodology [4] depending on the value of Re. 

      
  

       (7) 
 
where a is the thermal conductivity of air. 

 
In the methodology of [5], it is presented a 

direct relationship to calculate the  convection loss, 
of the form: 
 

aanglea

.
a

c

K
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520

03720011
      (8) 

 
where 
  – conductor diameter, [mm],  

 – dynamic viscosity, [Pa·s],  
Kangle – a coefficient that is calculated (by 
empirical relationship) depending on the  incidence 
angle of the air on conductor. 
It should be noted that in both methodologies, air 
parameters depend on temperature through 
empirical relationships given in the standard. 

Radiation losses (W/m) are determined in both 
methodologies by Stefan-Boltzmann relationship: 
  
               (9) 
  
where  

B  is the Stefan-Boltzmann constant,  

 - emissivity with values recommended by 0.5. 
In all measurements made, radiation losses are 

about 10% of the heat generated by the Joule effect, 
the difference being covered by convective losses. 
Determining the final temperature is iterative, 
starting from equation (3) simplified: 

   
  (10) 

 
Initially conductor temperature was imposed equal 
to the measured and it was corrected in iterations, 
until terms of the equation (10) were equal to an 
error of up to 0.01 W/m.   

The calculation algorithm for both 
methodologies is shown in Figure 5. 

 

 
 
 
 
The results obtained for the final temperatures, 

, are given in Table V. 
 

Table V 
Final temperatures obtained from  

measurements in the 3 cases 
Measurement 1 2 3 

Measured temperature 
(ºC ) 

 
75 

 
59 

 
89 

CIGRE method (ºC )  
74.4 

 
58.6 

 
90.8 

IEEE method (ºC)  
76.7 

 
60.3 

 
91.2 

Current (A) 
 

51 
 

42.5 60.4 

Air speed (m/s)  
0.18 

 
0.18 

 
0.18 

 
Note, from Table 5, there is a good correlation of 
measured and calculated values by the two 
methodologies. 
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Fig. 5. The algorithm for calculating the final temperature
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5. CONCLUSIONS 
 

From the results presented it can be concluded: 
 Experimental heating curve are 

approximately exponential, with small 
deviations due to the way in which the 
radiation loss are considered in the 
theoretical curve. 

 The time constant T in the heating regime 
for the conductor used in the laboratory is 
about 90 s 

 The results obtained by the two 
methodologies (CIGRE and IEEE) are very 
close to those obtained experimentally. The 
errors are up to 1-2 degrees.  

 The differences can be explained by the 
fact that methodologies CIGRE and IEEE 
are made for conductor rope, consisting of 
many wires threads, with the heart of steel, 
typically. In the lab we used a single wire 
conductor of Al. 
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