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Abstract 

The aim of thermal analysis of underground power cable studies is to optimize electrical and 

physical parameters of cable system and to transfer maximum power with minimum losses. For 

such problems, finite element method is mostly preferred, since they have complex geometry 

and requires multi-disciplinary (thermal and electrical) study. However, design, calculation and 

analysis of the problem is quite challenging since it requires advanced knowledge in related 

areas. Therefore, it becomes difficult particularly for engineers and students to study on thermal 

analysis of underground cables which has an important role in power system. In this context, it 

is aimed to design an application to perform thermal analysis of a typical medium voltage 

underground cable system. The application is designed using Comsol Multiphysics and allows 

users to perform two-dimensional, time-dependent thermal analyses. It also provides users to set 

several thermal, electrical and physical parameters as inputs and allows to compare thermal 

distribution results at desired points and regions. In the study, a series of thermal analyses are 

performed and results are presented for a sample loading scenario to indicate performance of the 

application.  Besides, the application designed is used as a training material in a seminar in 

Yildiz Technical University, Electrical Engineering Department. Results showed that the 

application can be used as a useful tool for engineering education. 
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1. INTRODUCTION 

 

Recently, number of studies on energy continuity, system stability, failure prediction, on-line monitoring 

and energy efficiency has increased considerably in order to prevent faults in distribution systems [1-3]. 

The main purpose of these studies establishing a continuous, reliable and monitorable system by 

minimizing losses in electrical and economic terms. In this regard, there is a significant increase in the 

number of power system efficiency, stability and predictive maintenance studies particularly on medium 

voltage (MV) equipment and the network [4-7]. Besides, distribution networks have a complex structure 

and unexpected failures in any equipment directly affect the end user. For these reasons, studies on critical 

MV equipment should be given priority in literature. One of the most worthy equipment especially for the 

distribution system operators is MV power cables. In case of overloading in peak demand periods, 

conductor temperature exceeds the maximum operating temperature which also leads to an increase in 

failure probability and rapid reduction in cable life [2, 8, 9]. In addition, getting out of dimensional standards 

such as laying depth, horizontal distance between cables, filler height etc. are other factors that cause the 

cable to overheat and reduce its life-time [9-17]. It is fact that the life-time of a cable operated above the 

rated operating temperature is less than expected. In this case, unexpected faults may occur on the cable, 

joints and terminations that cause serious economic losses and operational problems [18]. In order to 

prevent these faults, the cable conductor temperature should be measured, calculated and determined for 

each laying type and different loading scenarios. However, on-line temperature measurement is not 
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economically feasible due to the high cost of field measuring equipment and components. In addition, 

installation of a set-up for instant monitoring of conductor temperature requires extra investment costs. 

While these investments are feasible for higher energy transmission and long distances, it is not economical 

and operational for lower energy and short distances [19]. On the other hand, there are various types of 

cable system (CS) that need to be analyzed and examined because the dimensions and type of the CS differ 

according to the load current, rated voltage, number of circuits, physical and geographical structure of the 

region to be applied [20, 21]. 

 

For these reasons, analytical, thermal modeling and numerical solution methods are used in the literature 

in order to determine or predict the conductor temperature and thermal distribution [9, 22-24]. Among these 

methods, the most preferred one is the finite element method (FEM). The main advantages of the FEM are; 

being appropriate for designing complex geometries, parameter changes on the problem and their effects 

can be easily observed, fast and accurate solution can be listed with the help of computer [25, 26]. 

Therefore, FEM based software is widely preferred in the literature for the thermal analysis of CS. However, 

in order to solve such problems even with the help of software, advanced knowledge of electrical, thermal 

and numerical methods is required. Such multi-disciplinary problems are particularly challenging for 

engineers and engineering students working in the design and operation of MV systems and limit the ability 

to conduct detailed thermal investigation. In order to overcome these problems, some applications have 

been designed and analysis methods have been developed to conduct thermal analysis. In these studies, 

ampacity of the cable is generally calculated using the equations in the IEC-60287 standard and the tables 

in IEEE 835 [27]. In Ref. 28, authors contributed to the development of equations in IEC 60287 by using 

FEM and conducting experimental studies for cables located in free air [28]. In Ref. 29, an application 

interface has been designed in which the ampacity value of the cable can be calculated using the basic 

Neher-McGrath method. With this application, users can only calculate the ampacity value of the CS [29]. 

Besides, an electromagnetic-thermal coupled model is proposed for ampacity calculations for a 110 kV 

underground power CS in Ref. 30. In Ref. 30, an algorithm is proposed to calculate the optimum ampacity 

of cable considering economic aspects and uncertainty of affected parameters based on heuristic 

optimization method and probabilistic approach [30]. In Ref. 20, authors proposed a new electro-thermal 

optimization algorithm to determine ampacity of parallel power cables [20]. In Ref. 31, an efficient 

methodology for optimizing power cable thermal performance with respect to configuration parameters 

involving cable spacing, depth of burial and size of backfill. This methodology integrates features of the 

FEM  coupled with the flexibility and effectiveness of the particle swarm optimization algorithm in order 

to handle various geometrical parameters in the complex surrounding operating environment [31]. As can 

be seen in the literature, complex calculations and advanced knowledge are required to calculate cable 

ampacity. However, it should be noted that these analyzes can be present in a more practical way for 

educational and application purposes. In addition, it has been mentioned in the references that 

environmental factors and CS geometry are quite important in ampacity calculations. Therefore, most 

parameters (starting conditions, wind speed, cable sizes, channel sizes, material properties, etc.) in the CS 

should be controllable to perform a consistent analysis. 

 

In this study, an application interface has been designed by using COMSOL Multiphysics software for 

practicing thermal analysis of a three-phase MV underground CS. The problem is modeled in two 

dimensions and the effects of changes in current, conductor cross-section, horizontal distance between 

cables, etc. on the current carrying capacity and thermal distribution of the cable can be easily observed 

with the help of the application. Thermal analyses are performed for a sample loading scenario to indicate 

performance of the application and the results analyzed. In addition, a survey is conducted with a group of 

participants in order to determine the performance and functionality of the designed application. The results 

showed that it would be quite beneficial to use the application as educational material and also in practical 

applications. Thus, a useful study has been put forward for the applications and training of the companies, 

R&D engineers and engineering students working in the related field. In the second part of the study, the 

CS, heat transfer theory and method of calculation of losses are introduced. In the third section, details of 

the application designed is presented. In the fourth part, thermal analyzes are carried out for a sample 

loading scenario and the results obtained are discussed. In addition, survey results and their assessments 

are also presented in the fourth part. The advantages of the application, processing capacity and the possible 

future developments for application are explained in the conclusion section. 
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2. MATERIAL AND METHOD 

 

In this study, an application interface is developed using Comsol Multiphysics to help users for performing 

temperature distribution analyses of a MV underground CS practically. In this section, technical properties 

of the CS examined and the loss equations used for thermal analysis are presented. 

 

2.1. Definition of Cable System 

 

There are three single core, copper conductor, XLPE insulated and 36 kV rated voltage MV underground 

cables in flat arrangement in the underground CS examined. Technical specifications of the cable is given 

in Table 1. 

 

Table 1. Technical specifications of 1x240/25 mm2 Cu, XLPE insulated cable 

Parameters Value 

Cable 1x240/25 mm2 Cu 

Rated voltage [kV] 20.3/35 

Nominal cross-sectional area [mm2] 240 

Conductor form Stranded round 

Nominal Ampacity [A] [at 90°C] 559 

Conductor radius [mm] 8.74 

Inner semi conductor thickness [mm] 0.6 

XLPE thickness [mm] 9 

Outer semi conductor thickness [mm] 0.9 

Copper sheath thickness [mm] 0.206 

Polyethylene (PE) jacket thickness [mm]  1.382 

Outer layer thickness, HDPE [mm] 2.672 

Outer diameter [mm] 47 

 

 
Figure 1. Dimensions of cable layout system 

 

This type of cable arrangement and layout geometry are a typical laying model, which is widely preferred 

and used in MV voltage distribution systems. As shown in Figure 1, three single-core cables are placed in 

a CS with 80 cm depth and 40 cm width. These cables are laid horizontally in the CS, with a distance of 7 
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cm between them and in a filling material with a higher thermal conductivity than the soil [27]. In addition, 

there is a 60 mm thick brick on the top of the cables to ensure the mechanical protection of the cables and 

to alert workers to the presence of the cable line during any excavation. In many studies on thermal analysis 

of cables, protection bricks have not been taken into account. These bricks, which are also used in practice, 

are not used adjacent along the cable route but are laid at regular intervals. However in this study, the 

thermal conductivity value of the brick material is taken into consideration in order to see the low thermal 

conductivity value of the brick material and its effect on cable thermal distribution and ampacity. 

 

2.2. Heat Transfer Analysis Technique 

 

In the study, heat transfer analyses of MV CS are performed by finite element method. The problem is 

modeled in two dimensions and Comsol Multiphysics software, “Heat Transfer in Solids” interface is used 

for the analyses. This module create solution by using the heat conduction Equation (1) as follows [8], 

 

𝜌 ∙ 𝐶𝑝 ∙
𝜕𝑇

𝜕𝑡
= 𝑞 + ∇(𝑘∇𝑇) . (1) 

 

where ρ is density in kg.m3, Cp is the specific heat capacity in J.kg-1.K-1, ∂𝑇
∂𝑡⁄  is the change in temperature 

over time, q is the rate at which heat is generated per unit volume of medium in W.m-3, k is the thermal 

conductivity in W.m-1.K-1 and T is the temperature gradient. Equation (1) is the general form of the heat 

diffusion equation and it states that at any point in the medium, sum of the rate of energy transfer by 

conduction into a unit volume and the volumetric rate of thermal energy generation should be equal to the 

rate of change of thermal energy stored within the volume [9]. When this temperature distribution is known, 

the conduction heat flux at any point in the material or on its surface may be computed. 

 

This study aim to investigate maximum operation temperature of MV cables for standard conditions and 

also effects of the changes in cable layout system (geometry, distance between cables, different filling 

materials etc.), time dependent analyses are carried out. In addition, time-dependent analysis contributes to 

the reduction of the computing time for the simulation and the design of a basic and simpler interface for 

users. 

 

So under steady-state conditions, there can be no change in the amount of energy storage (∂𝑇
∂𝑡⁄ = 0) and 

the heat equation for two dimensions can be simplified as in Equation (2) [9] 

 

𝜕

𝜕𝑥
(𝑘

𝜕𝑇

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝑘

𝜕𝑇

𝜕𝑦
) + 𝑞 = 0 . (2) 

 

In addition, the heat transfer on the soil surface is realized convective. According to this boundary condition, 

transfer of the heat reaching the surface (q0) and the heat transfer coefficient (h) are calculated due to the 

wind speed as in Equations (3) and (4), respectively [32] 

 

𝑞0 = ℎ ∙ (𝑇𝑒𝑥𝑡 − 𝑇), (3) 

ℎ = 7.371 + 6.43 ∙ 𝑣3/4 .  (4) 

 

Here, Text is the surface temperature in °C, v is the wind speed in m/s and h is the heat transfer coefficient 

in W/m2.K. In the following sections, calculation method of the losses in conductor and dielectric media is 

introduced. 
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2.3. Calculation of Losses in Cable 

 

Power losses in the cable can be classified as current and voltage dependent losses. The load current through 

the cable conductor leads to losses in the conductor and thus to heating. This current also causes voltage 

induction, current flow and heating in the shield due to the opposite inductance. Another loss is the dielectric 

losses occurred in the XLPE medium due to the voltage. 

 

In this study, conductor and dielectric losses are taken into consideration in the case of balanced loading of 

the phases. Sheath losses are not taken into consideration because the losses occurred in the cable sheath 

are considerably lower than the losses in the conductor and do not significantly affect the temperature 

distribution [33]. Furthermore, the calculation of sheath losses significantly increases the processing density 

and analysis time of the application. An example of a power cable drawing is given in Figure 2 in order to 

better understand the dimensional parameters given in the equations. 

 

 
Figure 2. Dimensions and layers of a MV underground cable 

 

2.3.1. Conductor losses 

 

The losses in a conductive environment depend on the waveform and conductor resistance of the current 

passing through the cable conductor. Therefore, when calculating the AC resistance of a conductor, the 

coefficients of skin effect and proximity effect and material temperature should be taken into account. 

Equation (5) means that the DC resistance value at any temperature (T2) is calculated from the DC resistance 

value at 20 °C. AC resistance value for the determined temperature is calculated by using skin and proximity 

effect coefficients in Equation (6) [34], 

 

𝑅𝐷𝐶 =
𝜌𝐶𝑢 ∙ 𝑙

𝑆
∙ [1 + 𝛼20 ∙ (𝑇2 − 20)] (5) 

𝑅𝐴𝐶 = 𝑅𝐷𝐶 ∙ [1 + 𝑦𝑠 + 𝑦𝑝] . (6) 

 

Here, l is cable length in meter, ρCu is conductor conductivity at 20°C in Ω.m, S is conductor cross-sectional 

area in mm2, α20 is temperature coefficient at 20°C and T2 is temperature of the resistance to be calculated. 

ys and yp are skin and proximity effect coefficients as calculated in [34]. In the simulation, heat losses in the 

conductor regions (PC) are defined as volumetric losses (QC) in W/m3. Therefore, the copper loss in the 

cables’ conductor is calculated as in Equation (7) 

 

𝑄𝐶 =
𝑃𝐶

𝑆𝐶 ∙ 𝑙
=

𝐼𝐴𝐶
2 ∙ 𝑅𝐴𝐶

𝜋 ∙ 𝑟1
2 ∙ 𝑙

  . (7) 
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Here, IAC is the RMS value of alternating phase current in A, RAC is the AC resistance of conductor in Ω, SC 

is the cross-sectional area of conductor in m2, l is the cable length in m and r1 is the conductor radius in m. 

 

2.3.2. Dielectric losses 

 

Dielectric losses in the cables’ insulation layer occurs as a result of high voltage applied to the conductor. 

This loss arise from various electrical events in dielectrics such as conduction, polarization and ionization. 

Sum of all these losses is introduced by dielectric losses (PD) in literature and can be estimated for parallel 

equivalent circuit as in Equation (8) 

 

𝑄𝐷 =
𝑃𝐷

𝑆𝐷 ∙ 𝑙
=

𝜔 ∙ 𝐶0 ∙ 𝜀𝑟 ∙ 𝑈0
2 ∙ 𝑡𝑎𝑛𝛿

𝜋 ∙ (𝑟2
2 − 𝑟1

2) ∙ 𝑙
 . (8) 

 

In Equation (8), ω is angular frequency in rad/second, C0 is the geometric capacitance of insulation in F, ɛr 

is the relative permittivity of dielectric material, U0 is the applied voltage (phase to ground) in V, tanδ is 

the dielectric dissipation factor measured at 50 Hz mains frequency, SD is the cross-sectional area of 

dielectric layer in m2, l is the cable length in m, r2 and r1 are outer radius of insulation and radius of 

conductor in m, respectively. Although relative permittivity (ɛr) is considered as a fixed coefficient in most 

studies, it is a temperature dependent material property and varies with the changing temperature. 

Therefore, the value of relative permittivity at 90°C rated temperature need to be considered. 

 

3. APPLICATION INTERFACE DESIGN 

 

In this part of the study, details of an application interface designed with the help of COMSOL Application 

Builder. The aim of designing this application interface is to present simple and basic calculation tool for 

engineers working in the related area. It is a fact that solving problems on heat transfer especially using 

finite element method can be quite complex and detailed study and requires hard working. To overcome 

this issue, an application in COMSOL is developed for a simpler interface. The most important feature of 

the designed interface application is that the parameters which may affect the thermal distribution or 

maximum operating temperature of the system can be changed by the user in a practical way and the effects 

of this change can be observed again.  

 

One of the important feature of the application interface is allowing the user to change dimensional size of 

the CS such as cable layout width / depth, location of cables, distance between cables, cable cross-section, 

brick thickness. Also, the interface allows user to modify the properties of the materials contained in the 

CS. For instance, when the cable conductor is aluminum instead of copper or a different thermal filler 

material is used, maximum allowed ampacity can be determined. Furthermore, with the designed interface, 

the user can set the initial conditions, surface wind speed/temperature, boundary conditions and see the 

effect of changes. Before the simulation, the user can check the dimensional changes made in the plot 

geometry window. After the analysis, the user can obtain the temperature distribution of the CS and 

temperature changes at the probes’ coordinates can also be observed. The flow chart of the proposed 

temperature calculation method for the designed interface application is given in Figure 3. 
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Figure 3. Flow chart of temperature calculation method for the designed interface application 

 

The application first starts with the calculation of losses (QC) in conductor and dielectric (QD) medium for 

initial temperature (T0). Then heat transfer simulation is performed to calculate the change in temperature. 

Here, Tout represent the temperature in cables’ conductor. If the calculated temperature (Tout) is equal to 

initial temperature, it means that the system is thermally balanced for the specified initial currents (I0). 

Otherwise, initial temperature T0 is updated as Tout and RDC, RAC, and conductor losses are recalculated for 

the simulation. This cycle continues until the calculated temperature of the conductor and the temperature 

calculated in the previous step are equal (Tout=T0). In other words, the temperature of conductor changes 

with time and the application aims to reach thermally steady state condition. Therefore, the maximum 

temperature of conductor and also the change in temperature with time can be determined for the specific 

current (I0). 

 

4. RESULTS AND DISCUSSION 

 

In this section, details of the inputs and outputs of the designed application interface are introduced. 

Additionally, interface designed is tested with a sample loading scenario and the results are discussed.  

 

4.1. Properties of Application Interface Designed 

 

The main purpose of designing the application interface is to enable users to analyze in a practical way 

without dealing with complex software interface details such as equations, boundary conditions, geometry, 

parameter and variable definitions. Therefore, the section where input values are defined clearly stated as 

in Figure 4. 
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Figure 4. Input parameters section of the designed interface 

 

The data that can be entered as input by the users are clustered under five main headings. 

 

I. Cable parameters 

II. Material properties 

III. Cable layout system dimensions 

IV. Boundary/Initial conditions 

V. Simulation parameters 

 

In the first part, the inputs such as dimensions of all layers of the cable, current values of the phases, cable 

rated voltage can be defined by the users. With the help of the inputs under this section, the user can perform 

thermal analysis for different type of cables. Furthermore, since the current of each phase can be entered 

separately, it is possible to obtain thermal distribution in balanced and unbalanced load conditions. In the 

second part, the properties of the cable layers, protection brick, soil and filler material can be changed. With 

the help of these inputs, the user can perform thermal analysis in case the cable conductor is aluminum or 

if different filler material is used. Thus, it can be determined how the use of different materials affects the 

thermal distribution and the maximum current carrying capacity of the cable. 

 

The input data in the third section belongs to the CS geometry and in this section, dimensions of problem 

geometry can be changed. Furthermore, the effect of distance between the cables on the thermal distribution 

can be examined. Boundary conditions and initial conditions such as initial temperature of the conductors, 

earth temperature etc. can be changed in section 4. This section will contribute to a significant reduction in 

the time required for analysis if users determine an initial temperature close to its final temperature value. 

The last section contains the simulation time, the simulation step, the coordinates of temperature measuring 

probes and the cut line. With these inputs, the user can obtain the temperature results at the desired points 

and regions. General layout of graphical outputs of the designed application interface are presented in 

Figure 5. 
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Figure 5. Graphic outputs of the designed application interface 

 

In the first result figure (Result-1), the user can see the system geometry and especially in cases where 

dimensional changes are made, the last state of the problem geometry can be seen with the Plot Geometry 

button. This output is intended to prevent problems such as crossing of boundaries in case of incorrect data 

input. Result-2 shows the output as a result of the thermal distribution gradient in the cable laying system. 

With this output, the user can see the maximum and minimum temperature range and the point where the 

maximum temperature occurs. Result-3 shows the temperature distribution on a line. The coordinates of 

the starting and ending points of this line can be set under the simulation parameters section. Result-4 shows 

the time-dependent temperature variation of the three temperature probes whose coordinates are introduced 

in the simulation parameters section. With this output, the user can observe whether the system is thermally 

stable or how long it will reach a certain temperature value. Furthermore, if the system requires a long time 

and high processing capacity to reach steady-state, this output can be used to adjust the initial temperatures 

in the system, thereby shortening the simulation time. 

 

4.2. Thermal Analysis Results of Sample Loading Scenario 

 

In this section, with the help of the designed application interface, thermal analyzes are carried out for a 

typical underground CS. It is seen from Figure 5 that it is possible to perform thermal analysis for many 

variables. However, since the main purpose of the study is to reveal the application interface capabilities, 

only four sample parameters are investigated; CS depth (h), thermal conductivity of the filling material 

(kfm), surface temperature (TSurface) and the distance between cables (a). In order to observe the effect of 

change in the specified parameters on the maximum temperature of the cable, remaining parameters are 

kept constant. In the analysis, medium voltage cable, whose specifications is stated in Table 1, is located 
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horizontally in the CS as given in Figure 1. Each phase is balanced and loaded with 540 A. In addition, soil 

temperature and surface wind speed are determined as 20°C and 2.5 m/s, respectively. Maximum conductor 

temperature values obtained due to the distance between cables and the surface temperature are given in 

Table 2. 

 

Table 2. Maximum conductor temperature values obtained due to the distance between cables and the 

surface temperature 

Distance 

Between Cables 

(a [mm]) 

Surface Temperature  (TSurface [°C]) 

10 20 30 

0 81.58°C 91.33°C 101.99°C 

35 74.10°C 83.91°C 93.72°C 

70 70.07°C 79.76°C 89.43°C 

 

The analyzes are carried out for 70 cm, 35 cm and 0 cm where the cables were adjacent. 10°C, 20°C and 

30°C values are taken into consideration for the surface temperature. As can be seen from Table 2, while 

the distance between the cables is 70 cm and the surface temperature is 20°C, maximum conductor 

temperature is obtained as 79.76°C. When the distance between the cables is halved (35cm) and surface 

temperature remains constant, maximum conductor temperature increased by 5.2% (4°C). This increase in 

the conductor temperature is expected as it becomes difficult to dissipate the occurring heat when the cables 

come close together. However, when the distance is reduced again by 35 cm and the cables are adjacent, 

maximum conductor temperature increases by 8.8% (7.42°C) to 91.33°C. It is seen that there is a nonlinear 

relationship between the distance between the cables and the maximum conductor temperature. In cases 

where the surface temperature is 10°C and 30°C, the increase rates that occur in the maximum conductor 

temperature are given in Figure 6. In Figure 6, when the surface temperature is 10°C and 30°C, the 

temperature change depending on the distance between the cables is nonlinear. If the distance between 

cables is reduced from 70 cm to 35, the temperature increase is 5.75% for 10°C and 4.79% for 30°C. In 

case the distance decreases from 35 cm to 0 cm, the temperature increase is 10.1% for 10°C and 8.82% for 

30°C. Based on this, it can be said that the effect of decreasing the distance between the cables on the 

maximum conductor temperature is more effective at low surface temperatures. In addition, 10°C increase 

in surface temperature causes maximum conductor temperature to increase by 12-13%. Therefore, it has 

been determined that the distance between the cables and the ambient temperature have a significant effect 

on the loading capacity of the cable. 

 

 
Figure 6. Rate of increase in max. conductor temperature due to surface temperature and distance 

between cables 
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In addition to the parameters of surface temperature and distance between cables, the effect of thermal 

conductivity of the filling material and the depth of the CS on the maximum conductor temperature is 

investigated. For the laying depth of cable, three levels are specified as 60, 80 and 100 cm. In cases where 

three different filling materials are used for each of these three depth values, maximum conductor 

temperature values were calculated. Thermal conductivity values of filling materials were chosen as 1.0, 

1.5 and 2.0 W/m.K. The change in maximum conductor temperature due to the CS laying depth is given in 

Figure 7. 

 

 
Figure 7. Relation between maximum conductor temperature and CS depth for different filling material 

 

In Figure 7, maximum conductor temperature is obtained as 75.27°C when CS depth is 60 cm and the 

thermal conductivity of filling material is 1 W/m.K. Under the same conditions, when CS depth is 80 cm, 

maximum conductor temperature increased by 6% and reached to 79.76°C. Although the laying depth is 

increased at the same rate, the rate of increase in the maximum conductor temperature decreased to 4%. As 

the conductors are deeply laid, temperature of the conductor increases, as the heat in the conductor becomes 

difficult to dissipate. However, the slope of this increase also shows a decreasing behavior with increasing 

laying depth. This behavior is quite similar for all filling materials, as can be seen in Figure 7. 

 

Increasing the thermal conductivity value of the filling material causes the maximum conductor temperature 

value to decrease. This is an expected behavior due to higher thermal conduction of filling material. 

However, there is no linear relationship between the increase of thermal conductivity value and the decrease 

in maximum conductor temperature. For instance, while laying depth is 80 cm and the thermal conductivity 

of the filling material is 1 W/m.K, maximum conductor temperature is obtained as 79.76°C. When the 

thermal conductivity value is increasing by 50% to 1.5 W/m.K, maximum conductor temperature decreased 

by 6.3% to 74.72°C. When the thermal conductivity value is increased by 100% (2.0 W/m.K), a decrease 

of 12.6% is expected in the maximum conductor temperature, however this ratio is calculated as 9.5%. As 

can be clearly seen from here, there is an inverse but nonlinear relation between the thermal conductivity 

of filling material and maximum conductor temperature. 

 

As a result, it is seen that there is a nonlinear relation between all parameters examined and the maximum 

conductor temperature. For this reason, it is very important to analyze all applications that are considered 

beneficial to reduce the maximum conductor temperature before application and to determine to what extent 

it will benefit. In addition, it is possible to obtain more precise results and characteristic curves by increasing 

the number of parameters and analyzes examined with the designed interface. Thus, it is possible to 

determine the most suitable design in terms of electrical, thermal and economic terms for the designed CS. 
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4.3. Survey Study 

 

To evaluate the effectiveness of the application interface as training material and its suitability for field 

applications, it was utilized in a seminar at Yıldız Technical University, Department of Electrical 

Engineering. Feedback was obtained through a survey from seminar attendees, including students, 

engineers, and academicians. In order to determine the efficiency and functionality of the application 

prepared as educational material, electrical engineers working in the related sector and academicians are 

also invited to the seminar and their opinions are received about the application. Firstly, the participants are 

informed about the purpose, algorithm, features, benefits and usage of the application. Afterwards, the 

participants are asked to perform a sample thermal analysis using the application and evaluate the results. 

After the analysis study, a questionnaire of ten questions is directed to all participants and asked to answer. 

The purpose of this questionnaire is to determine the teaching effectiveness, performance and usability of 

the designed application. The survey is conducted with 20 undergraduate students, 10 graduate students, 

10 engineers and 10 academicians, and the results are presented in Table 3. 

 

Table 3. Survey questions and results 

No Questions 

Strongly 

Disagree 

(1 pt) 

Disagree 

(2 pts) 

Neutral 

(3 pts) 

Agree 

(4 pts) 

Strongly 

Agree 

(5 pts) 

Weighted 

Average 

(%) 

1 Interface is easy to use 0 2 6 14 28 4.36 

2 
Design of interface is user-

friendly 
0 3 8 9 30 4.32 

3 
Visual design of interface is 

practical 
0 2 5 9 34 4.50 

4 
Calculation speed of interface  

is adequate 
0 4 10 22 14 3.92 

5 
Number of variables in the 

interface is satisfactory 
0 1 5 5 39 4.64 

6 
Number of interface 

outputs/results is sufficient. 
0 2 11 12 25 4.20 

7 
Interface helps to understand 

thermal analysis fundamentals 
0 3 14 13 20 4.00 

8 

Interface is sufficient for 

thermal analysis of 

underground CSs 

0 4 7 12 27 4.24 

9 

Effects of variable change on 

conductor temperature and 

ampacity is easy to consider 

with the help of interface 

0 1 11 16 22 4.18 

10 

Interface is convenient for 

education and research 

purposes 

0 1 3 7 39 4.68 

 

In the questionnaire, the participants are given the opportunity to give answers consisting five levels and 

the score of each answer is stated in Table 3. In addition, the weighted averages of the answers given for 

each question are calculated and given in Table 3. 

 

The first three questions in the questionnaire are related with the formal features of the designed application. 

At this point, quite positive answers are received from all users and a weighted average of over 4.3% is 

obtained for the first three questions. It is seen that the group that answers these three questions as 

“disagree” or “neutral” is mostly undergraduate and graduate students. It can be seen from here that the 

ease of use and functionality of the application is sufficient, but it needs to be partially developed for using 

as education material. The rates of the participant groups are given in Table 3 and the distribution of the 

individual responses of each participant group is given in Figure 8. Here, US stands for undergraduate 

students, GS for graduate students, EN for engineers and AC for academics. The numbers after the 

abbreviations represent the question number. 
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Figure 8. Answer distributions of survey participants 

 

In the fourth question, the weighted average is calculated as 3.92%. Here, the group that is dissatisfied with 

the simulation speed is mostly undergraduate and graduate students. It takes about a minute to perform a 

single simulation with the designed application. However, this duration is directly proportional to the 

hardware features of the computer used. It is a fact that simulation time will be shorter with the computers 

as workstation with higher RAM and processor speed. For this reason, it has been seen that the simulation 

speed satisfaction of engineers and academicians is at a sufficient level. 

 

In the fifth question, where the adequacy of the number of variables is tested, it is seen that all participants 

are satisfied with a weighted average of 4.64%. This is because the application allows all material properties 

in the problem geometry and even the channel geometry properties to be changed. In addition, since the 

cable dimensions can be changed and each phase can be loaded individually, quite positive feedback has 

been received from engineers and academic participants. 

 

The adequacy of the simulation outputs has been tested in the sixth question and it is seen that the results 

with 4.0% weighted average are very positive. In particular, undergraduate and graduate students stated 

that the number of outputs are sufficient. One of the most important outputs of thermal analysis is the 

maximum conductor temperature and this value can be specified at the desired three points with the help 

of application. In addition, the application offers the user the opportunity to see the thermal distribution on 

a specific line. In the questionnaire, only one engineer and one academician stated that the outcomes are 

insufficient with "disagree" vote. Therefore, the output number of the designed application can be improved 

in terms of application and academic use. 

 

The fact that material parameters can be changed with the application helps to understand how effective 

these parameters are in thermal distribution. In this context, in the seventh question, undergraduate and 

graduate students found the design sufficient to understand the thermal analysis. However, in these two 

groups of students, three students answered "disagree" and eleven students answered "neutral" to the 

seventh question. The main reason for this result is that thermal analysis of cables is a multidisciplinary 

subject, it uses finite element numerical method for solution and requires a certain theoretical background. 

For this purpose, it will be useful to add fundamental expressions and equations about thermal analysis to 

the interface and to support them with a help menu. For this purpose, it will be useful to add basic 

expressions and equations related to thermal analysis to the application and to support them with a help 

menu. 

 

The participants are asked whether the application designed in the eighth question is sufficient to perform 

thermal analysis of underground cables and a weighted average of 4.24% is obtained. It is understood that 
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the designed application is sufficient for thermal analysis of underground cables. However, it is seen that 

there are four "disagree" responses among undergraduate and graduate students and one among 

academicians. For this reason, same application structure can be used to design different types of CSs. 

 

The ninth question helps to understand how effective the change of current, material parameters and 

geometry on thermal distribution. In this regard, particularly undergraduate and graduate students found 

the application design sufficient to understand thermal analysis since weighted average of this question is 

obtained as 4.18%. For this reason, it is thought that it will be more beneficial in terms of education to test 

all the variables in the application for sample scenarios and to present the results. 

 

The last question has the highest weighted average rate of the survey with 4.68%. It is concluded that almost 

all of the surveyed group agree that the designed application can be used for educational and research 

purposes. Especially, positive feedback from academics and engineers supports the effectiveness and 

functionality of the designed application. 

 

5. CONCLUSION 

 

In this paper, an application interface is designed which can perform thermal analysis of underground CSs 

with the help of Comsol Multiphysics. In the study, 36 kV, three-phase, flat formation system is used as 

sample system and details of the application designed and its capabilities are presented. Additionally, a 

survey is directed to participants to consider the efficiency of the application as a training material. 

According to the survey results, all participants are quite agree with the formal and technical contents of 

the application. This study aimed that the engineers working in the related area and engineering students 

can perform thermal analysis in practical way.  Furthermore, it allows easy determination of how variable 

changes within the CS affect the thermal distribution of the system. In this way, users will be able to 

determine and optimize the maximum load current of the system, the most efficient filler material, the most 

suitable cable and duct dimensions. With these analyzes, maximum loading limits of the CS will be 

determined and contribute to energy efficiency. In addition, it is possible to determine the optimum 

geometry and physical, thermal and electrical parameters before installation. All outputs obtained with the 

help of this study will contribute to the studies of companies working in the field of energy transmission 

and distribution and also education of engineering students. 
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