
 

 

 

Abstract—The airport has been playing a more important role in 

national transportation with the rapid developments of the civil 

aviation industry. However, there are more than one hundred airports 

cannot work normally in winter due to snow and ice. Here, the phase 

change energy storage materials (PCESMs) had been added to 

concrete pavement to melt snow and ice, and the effect of the buried 

depth of pipes, the distance between buried pipes and the thermal 

conductivity of surface layer materials on pavement temperature had 

been analyzed using the FEM(ANSYS). The results show that the 

temperature transmit decreasing with both the pipe depth and the 

distance increasing and, the efficiency of the pavement on ice-snow 

melting increased as the thermal conductivity of the surface layer 

became bigger, the temperature can be kept longer above 8°C. 

Therefore, the efficiency can be improved by adding heat conduction 

material, taking suitable pipe depth and distance. 

 

Keywords—Analysis of temperature field, airport pavement, 

ANSYS and finite element analysis, phase changes energy storage 

materials.  

I. INTRODUCTION 

IRPORT has been playing a very important role in the 

transportation system in China, and there are more than 

one hundred airports located in the snow belt[1], which make 

the airports cannot work effectively. Therefore, the research on 

efficiently and eco-friendly ice-snow melting method has 

become the focus of world aviation [2], [3]. At present, the 

artificial mechanical method, hot melt method and snow melting 

agent can be available to melt snow and ice at home and abroad. 

However, these methods still have some weaknesses, such as, 

inefficient or polluting environment, cannot make full use of 

energy and taking a large amount of investment. The phase 

change energy storage materials(PCESMs), which can make the 

energy transferred from different space and time by the phase 

changing, and have no pollution to the environment, have been 

widely used in aerospace, heating, construction and other fields, 

for its recyclable and efficient[4]-[9]. Thus, it would be of great 
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significance both in society and economy if PCESMs would be 

applied to construct pavements in airports to help ice-snow 

melting. At present, some researches on the model of pavements 

or decks ice-snow melting had been carried out [10], [11], and 

the numerical analysis had been achieved. However, researches 

on ice-snow melting system in airport pavements using 

PCESMs are still a few. Therefore, it has practical meanings to 

analyze the temperature field of pavement system with 

PCESMs.  

II. PCESMS ICE-SNOW MELTING SYSTEM  

The structure of airport pavements with ice-snow melting 

system based on PCESMs is shown in Fig. 1. It can be divided 

into four layers: the surface layer which can provide sufficient 

friction, under surface layer, there is the heating layer that can 

keep the temperature of surface layer above 4°C using the 

energy provided by the PCESMs, which were full filled in the 

pipes, then, the bearing bed that can provide sufficient strength 

to ensure the normal operation of the aircraft, followed at the 

end by the soil layer, which can hold the concrete structure 

above, is generally thicker. Above the structure, there is the 

ice-snow layer. The latent heat of PCESMs had been generally 

occurred under isothermal or approximate isothermal 

conditions, which can effectively prevent the waste of energy 

caused by quick release. When the phase change completed, the 

PCESMs can absorb energy from other heat resources such as 

the resistance wire, solar energy, and store it by reverse phase 

changing, then the energy recycling would be achieved, and the 

energy can be stored in daytime and released when the 

temperature decreased below 4°C.  

 

Fig.1 Structure of pavement system with PCESMs 
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III. NUMERICAL ANALYSIS ON TEMPERATURE FIELD OF 

PAVEMENT 

A. Modeling with Finite Elements  

In fact, the heat transfers process between the pipes and the 

surrounding concrete, which is actually a complicated and 

unsteady process. So the model needs to be simplified as 1) the 

material of each layer is isotropic, and the mechanical 

characteristics do not change with temperature, 2) the model is 

symmetric structure, 2) the contact resistance between the layers 

and the soil layer is not considered. The cloud image of 

temperature field of pavement is shown in Fig.2. For the more, 

to analyze the efficiency of the ice-snow melting system, two 

temperature points had been defined: the point on the surface 

layer and above the buried pipe, referred to the check point A; 

the point on the surface layer and in middle of two buried pipes, 

referred to the check point B, as shown in fig.2.  

 
Fig.2 The cloud image of temperature field 

For the pavement with PCESMs system, there are many 

factors that can affect the energy conversion efficiency, and the 

buried depth of pipes, the distance between pipes and the 

thermal conductivity of the surface layer had been considered 

here and numerically analyzed using ANSYS. 

The governing differential equation for the thermal analysis 

is as follow: 

x y z
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Here: ρ is the density, c is the specific heat capacity, λx, λy , and 

λz is the thermal conductivity in direction x, y, and z 

respectively, and q  is the heat generation rate. 

The analysis area is divided into finite elements, and triangle 

or quadrilateral element can be available in 2-D model, and 

tetrahedral or hexahedral element can be available in 3-D 

model. The matrix form of the governing differential equations 

can be obtained using FEM method as (2): 
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and n is number of elements, and  0Q is the rate of heat flow in 

nodes. 

The initial conditions and the boundary conditions: 

(1) The initial conditions: the initial temperature can be 

regarded as the same as 2°C in each layer, and the temperature 

of pipes and PCESMs are set as 70°C at the beginning. 

(2) The boundary conditions: a) the heat transfer coefficient 

on the outer surface is 100 W/m
2
/K, and the temperature of air is 

-2°C. b) Between the pips and PCESMs, the heat transfer 

coefficient is changing with temperature, and the relationship is 

shown as Fig.3. c) In the two sides of the model, there are no 

heat transfers, which can be set as adiabatic boundary. The 

physical parameters of each layer are as table 1. 
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Fig. 3 The heat transfer coefficient between pipes and PCESMs. 

TABLE 1  

THE PHYSICAL PARAMETERS OF EACH LAYER IN PAVEMENT. 

 Surface layer Heating layer Bearing bed Pipes 

Thermal 

conductivity( W/m/K) 
70 60 1.2 200 

Specific heat 

capacity(KJ/Kg/K) 
920 840 1200 460 

Density(Kg/m3) 2100 3500 1600 7800 

B. The Influence of Buried Depth of Pipes on Temperature 

Field  

The progress of the heat energy transferred to the surface 

layer from the pipes may be affected by the buried depth of the 

pipes. To consider this affect, the buried depth was taken as h = 

0.23m, 0.28m and 0.33m, and other physical parameters were 

taken as table 1. The distributions of temperature and the 

temperature curves of check points with different buried depth 

are shown in Fig.4 and Fig.5. 

                         
Fig.4 The distributions of temperature with different buried depth 

From the Fig.4 and Fig.5, the maximum temperature of check 

point A and B had decreased with the increase of buried depth, 

and the decreasing became more stationary when the depth 

exceeded 0.28m. The difference of the maximum temperature 

between the two check points is gradually decreased with the 

increase of buried depth. Under different buried depth, the 

temperature of the surface layer can be remained above 8°C 

which can provide enough energy to deice ice and melt snow 

well. In addition, the maximum temperature can be kept longer 

above 5°C when the buried depth is 0.23m. For the more, the 

maximum temperature of check point B had rebounded within a 

certain range, which indicated that the temperature of the 

surface layer was greatly influenced by the heat releasing time 

of phase change energy storage systems, and the recommended  

buried depth of the pipes was taken as h = 0.28m. 

A B 
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Fig.5 The temperature curves of check points vs.  Buried depth 

          
Fig.6 The temperature curves of check points vs. distances 

  
Fig.7 The temperature curves of check points vs. thermal conductivity 

C. The Influence of Distance between Pipes on 

Temperature Field  

The distance between buried pipes would produce an effect 

on the duration of the surface layer temperature and the cost of 

pavement directly. That is to say, increasing distance would 

reduce costs, but it would also reduce the duration of the surface 

layer temperature, which would not be conducive to ice-snow 

melting. Therefore, it is very important to determine the 

reasonable distance between buried pipes in the design of the 

pavement. In this work, the distance between pipes were taken 

as a = 1m, 0.8m and 0.6m, and the numerical analysis was 

carried out using ANSYS. The temperature curves of check 

points were shown as Fig.6. Hereby, with the distance between 

pipes increasing, the maximum temperature of check points 

decreased, and the temperature difference between point A and 

B became more and more large gradually. The efficiency of heat 

release of the pavement system would be improved and the 

effect of deicing and snow-melting would become better when 

the distance small than 0.8m, but which can increase the costs of 

pavement. Thus, the reasonable distance between pipes would 

be set as a = 0.8m. 

D. The Influence of Thermal Conductivity of Surface Layer 

Materials on Temperature Field  

The thermal conductivity of the surface layer materials 

directly affects how much heat had been transferred from the 

heating layer to surface layer, thereby affecting the airport 

pavement temperature distribution. In this part, the thermal 

conductivity of the surface layer materials had been considered, 

and which would be taken as λ = 20W/m/K, 70W/m/K and 

120W/m/K, and it was taken as 60W/m/K in heating layer. The 

temperature curves of check points were shown in Fig.7.With 

the increase of the thermal conductivity in surface layer, the 

maximum temperatures of check points would be significantly 

increased, which would be conducive to the ice-deicing and 

snow-melting in airport pavement. However, it would be 

difficult to blindly increasing this coefficient in practice, and 

which would affect the strength and the anti-friction ability of 

surface layer. Therefore, the reasonable the thermal 

conductivity would be suggested as 70W/m/K. 

IV. CONCLUSIONS 

To research the effect of ice-snow melting on pavement with 

PCESMs, the numerical analysis on factors that influence the 

effect of ice-snow melting had been carried out, and which 

including the buried depth of pipes, the distance between pipes 

and the thermal conductivity of the surface layer materials. The 

results shown that, with the decreasing of buried pipe depth, the 

efficiency of energy conversion will increase; with the 

decreasing of distance between the buried pipes, the efficiency 

of energy conversion will increase; with the increasing of the 

thermal conductivity in surface layer, the efficiency of energy 

conversion will increase. Finally, the reasonable structure and 

size of pavement with PCESMs had been given, and which can 

provide reference for field construction and designing of airport 

pavement. 
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