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Abstract  

In Sweden, ice rinks are one of the largest energy consumers in the public building sector, 

requiring, each ice rink, about 1050 MWh/year, from which approximately 42 % is used by the 

refrigeration system. 

 

The goals of this project is to study the cooling system in the floor of indoor ice rinks placed at 

Sweden and achieve a solution against the problem of permafrost in the soil, due to low 

temperatures, and against the problem of the large amount of energy lost through the ground, 

due to low efficiency. 

 

In order to success in this challenge, five different models performed with COMSOL 

Multiphysic 3.5 have been simulated and studied to observe the energy saving that can be 

obtained by changing different design parameters, such as property of the concrete, insulation 

layer or heating pipes layout. 

According to the results the following conclusions have been obtained. 

 

On one hand, regarding the thermal conductivity, models design with high thermal conductivity 

concrete, conducts heat in an easier way than the normal concrete, and it will enable higher and 

quicker amounts of heat transferred through the slab. The improved thermodynamic properties 

of Concrete layer allow using the refrigerant 5,4 ºC higher temperature to keep the ice at a 

desired temperature. So, it must be pointed out that in terms of heat transfer, the concrete layer 

that supports the cooling pipes is one of the most important parts of the structure. 

 

On the other hand, as far as the insulation layer is concerned, the best option is to place one 

below heating pipes, due to the energy losses are reduced from 9 W/m
2   

to 0,4 W/m
2
. 

 

Finally, regarding to the cooling pipes depth, it must be pointed out that when the pipes are 

raised up 50 mm, the refrigerant temperature required to maintain the desired ice surface 

properties has been increased from -16 ºC to -9 ºC. 

 

So it can be concluded that increasing thermal conductivity concrete, placing insulation layer 

below heating pipes and raising up the cooling pipes, it is possible to achieve an energy saving 

around 33,6 MWh/year, being 7,6 % of the total energy consumption. 
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1 Introduction  

Nowadays, the energy sources are an area of study very important in the world. Every time, 

appear new research in order to improve the energy production and usage. Renewable energies 

sources are a good option against the excessive usage of fossil resources because they don’t 

produce CO2 emissions but the problem is the low efficiency of this renewable energy sources. 

So, try to solve this problem is the main objective to reduce the environment pollution and 

energy usage. 

 

An indoor ice rink is a system with a great energy demand. The dimensions of these buildings 

vary between 1000m2 and 2300m2 depending of the ice sheet. The refrigeration system has the 

biggest average energy consumption of 42% (Rogstam, 2012) of the total energy consumption 

and consists of evaporators, condensers, brine pumps and compressors. In Sweden there are 

about 340 ice rinks and this value is being increased every year by 8-10 new ice rink. 

 

Indoor ice rink in Sweden use an average energy of 1050 MWh / year and the total energy 

consumption of all ice rinks exceeds 300GWh/year (Rogstam (a), 2010)  but due to 

improvements and retrofits in the cooling system and insulation materials the new ice rink not 

consume more than 600 MWh per year (Rogstam (a), 2010). The composition of the ice floor, 

how is made the floor, materials used and the refrigerant used, is a part very important for the 

energy saving and in order to increasing the efficiency of the system. 

 

This project aims at demonstrating with several models made with finite elements programme 

that varying different parameters, such as property of the concrete, insulation layer or heating 

pipes layout , is possible to get an energy saving and consequently, an economical saving. 
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1.1   Objectives 

The main objective of this project is to study the cooling system in the floor of indoor ice rinks 

placed at Sweden. 

Nowadays, the main problem appears in the ice rinks is the risk of permafrost in the soil due to 

low temperatures of the ice and it has to be avoided because it can bring a lot of problems in the 

future. 

Another big problem listed in ice rinks floors is the large amount of energy lost through the 

ground due to low efficiency. 

 

In order to carry out this investigation, the COMSOL Multiphysics 3.5 simulation software has 

been chosen for simulation process as it provides a variety of modelling options and sufficient 

working environment.  

For the simulation different models have been designed, varying for instance, the thermal 

conductivity of the concrete, distance between the pipes and its height. Another idea is to place 

or not insulation layer below heating pipes. 

 

This project is going to determine along the different models designed, what is the best option 

on terms of energy saving and efficiency, and if by insulating the ground below heating pipes, 

the amount of energy needed to prevent permafrost would decrease. 

 

Several benefits will appear from increasing the efficiency of cooling systems of the floor: 

 

Firstly, there is the economical aspect. It basically comes to say that if less energy is needed to 

maintain the ice surface below 0 º C, the electric bills will also go down, which is a synonym for 

saving money. 

 

Secondly, but not least is the economical aspect. If the system has more efficiency, less power 

input is going to be needed. So less energy needs to be produced which means, at the same time, 

less contamination. 
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1.2  Methodology  

Regarding the general operating method that has been used for carrying out this project, it must 

be stated that it consists of different parts 

 

In order to fulfill the previously mentioned objectives, several theoretical models have been 

developed and studied later with static simulation by COMSOL multiphysics 3.5.  

 

Finally, with the simulation results, Termograf v5.7 software has been used to implement the 

refrigeration cycle and obtain the COP, the required compressor power and evaporator power of 

different models. The obtained values are then evaluated and analysed to see which design 

model is the most suitable for an ice rink. 

 

 

1.3  Scope and limitations   

This project will focus on increasing the indoor ice rinks efficiency only by studying the cooling 

system in the floor, regarding the energy transfer through the slab thickness. 

The energy consumption study of the ventilation, lightning, heating, dehumidification, will not 

take in consideration. 

As far as the project limitations are concerned, it can be stated that the project can be 

delimitated by the data given by the FVB Company itself. Making a proper use of those data 

different calculations and estimations can be done; obtaining an approximate value for the 

results of the models simulated with COMSOL Multiphysics 3.5. 
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2 Ice rink theory 

2.1  Ice rink dimensions 

In Sweden there is a lot ice rink and they can be divided into three categories as follow: 

 

• Small ice rinks with seating capacity up to 2000 

•  Medium size ice arenas between 2000 and 6000 seats with some multi-purpose features 

• Modern multi-purpose ice arenas with over 6000 fixed seats with a wide scale catering 

offer and many possibilities for multi-purpose use 

 

The main geometrical dimensions of a common ice rink are 60 m (200 feet) long and 25 m (85 

feet) wide, according to the recommendation of the International Ice Hockey Federation (IIHF, 

2010) (Nichols, L., 2009). 

 

 

Figure1: Dimensions in indoor ice rink (IIHF, 2010). 

 
 The different sports that take place in the ice rink are: 

 

 Ice hockey 

 Curling 

 Figure skating 

 Speed skating 

 Recreational skating 

 Public arenas / Auditoriums / Coliseums 
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2.2  Ice rink energy systems 

The design of the ice rinks can be different depending of the dimensions. 

The temperature inside the building may vary from -3 ºC close to the ice surface to +10 ºC in 

the stand and +20 ºC in the public areas, such as dressing rooms and offices (IIHF 2010). 

The following figure shows a modern ice rink in Sweden, where are represented the 

refrigeration system and heating system in order to cool the ice floor and heat the public areas, 

respectively. 

 

 

Figure 2: Energy systems in ice rink (Retscreen, 2005) 

 

The energy consumption of a typical ice rink can be divided into five main categories. They are: 

(Rogstam, 2012). 

• refrigeration 

• heating 

• lighting 

• ventilation  

• Dehumidification.  

 

The percentage of average distribution of energy consumption in Swedish ice rink can be shown 

in the following graphic: 
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Figure 3: Average energy demand in Swedish ice rinks (Rogstam, 2012) 

 

 

2.2.1 Refrigeration unit 

The ice rinks floor need a huge amount of energy to keep the surface between at – 3ºC due to 

large dimensions of the floor (1800 m
2
 more and less)(Rogstam, 2012). The cooling system has 

the largest average energy consumption of 42% of the total energy consumption and this 

machine generally can reach 300 to 350 kW. 

 

Figure 3 shows the main refrigeration unit of an ice rink. It is based on vapor compression 

refrigeration cycle with ammonia (R717) (Calm,2008) as the most common refrigerant. Another 

two refrigerants, R404A and R134a, are also used but in a minor scale in Sweden cause they are 

more pollutants.  

 

A refrigeration unit can be connected to the ice sheet in three ways: directly, indirectly or 

partly indirect (a combination of the first two methods).  

 

Direct system: The concept is to use the refrigerant in the distribution pipes, located below the 

ice layer, as a large evaporator, where the refrigerant is pumped. Since this system needs a huge 

amount of refrigerant charge, it is the least used of the three.  

 

 Partly indirect system: A secondary fluid works as heat transfer medium between the 

condenser or evaporator and the source or sink. In these systems part of the cooling is provided 

by direct system as well (Månberg, 2010).  
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Indirect system: This is the most common method (Figure 4), due to its advantages: a 

minimum amount of refrigerant required to maintain operation, a reduced refrigeration unit size, 

and finally, the significantly reduced refrigerant leakage risk, which is of vital importance for 

closed ice rinks operated especially with ammonia as a secondary refrigerant (Radermarcher, R., 

2010). The disadvantage of the indirect system is the potential decreased efficiency compared to 

direct system due to the additional energy required by the pumps and the temperature 

differences in the extra heat exchangers. (Makhnatch, 2010). 

 

Figure 4: Indirect ice rink energy system main components (IIHF 2010)  

 

 

2.2.2 Heating demand  

Ice rinks have several heating requirements which all together account for the total heating 

demand. The heating demand is the second largest energy demand in ice rinks. In a given ice 

rink the following heating requirements may be found: 

 

• Space heating: Is needed to provide comfortable temperatures in areas meant to receive 

public, like the stands. It can be carried out using Heating, Ventilation and Air-Conditioning 

(HVAC) system or radiating panels installed above the stands. The temperature should be 10°C 

in the stands and 20°C in other public areas (Nguyen, 2012). 
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• Domestic hot water (DHW): Is used in all water devices (faucets) that can be found in the 

bathroom, toilets or other rooms 

 

• Ground heating: Is necessary to avoid the ground permanent frost, called permafrost, which 

can cause structural damages to the ice pad and the building (Seghouani, et al., 2011). 

 

• Ice resurfacing: Is a process used to restore the ice surface condition (flatness, gliding 

friction). Hot water, which temperature is normally between 55 and 80 °C according to 

ASHRAE (2010). 

 

• Snow melting: May be a part of the heating demand if a snow melting pit is installed by the 

ice rink. (ASHRAE, 2010). 

 

2.2.3 Lightning 

The lighting system consumes around 10% of the total energy. The lighting intensity (lux) 

should be sufficient to provide good visibility for the skaters and spectators, but at the same 

time lights are a source of the radiation and too high lighting intensity increases heat loads on 

the ice. (Karampour, 2011). 

 

2.2.4 Ventilation   

Ventilation’s primary purpose is to guarantee a good indoor air quality by maintaining standard 

air change rate. It should avoid high airborne pollutant or contaminant concentration and the 

health problems like asthma or allergies (Masters & Ela, 2008). 

 

2.2.5 Dehumidification 

Dehumidification in the ice rinks is more important than in common buildings. A lack of 

dehumidification system may cause higher energy consumption, discomfort issues and the 

metallic structure corrosion due to the humidity level increase. (Egolf, et al., 2000) 
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2.3 Refrigeration thermodynamics   

The challenge in refrigeration is to remove heat from a low temperature source and dump it at a 

higher temperature sink .The following picture shows the ideal vapour-compression 

refrigeration cycle used in ice rink. 

  

  

Figure 5: Vapour-compression refrigeration cycle (CEATI International, 2010) 

 

 
The vapour compression cycle of a refrigeration system has the following four main steps 

(CEATI International, 2010): 

 
• Compression (process 1-2): A reversible, adiabatic (isentropic) compression of the 

refrigerant. The saturated vapor at state 1 is superheated to state 2. 

wc =h2 − h1                                (1) 

 

• Condensation (process 2-3): An internally, reversible, constant pressure heat rejection 

in which the working substance is de-superheated and then condensed to a saturated 

liquid at 3. 

qH = h2 − h3                                (2) 

 
• Expansion (process 3-4): An irreversible throttling process in which the temperature 

and pressure decrease at constant enthalpy. The refrigerant enters the evaporator at state 

4 as a low-quality saturated mixture. 

h3 = h4                                        (3) 

 

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ox_n47OgwUmvFM&tbnid=bH_db1ThytYuJM:&ved=0CAUQjRw&url=http://www.jland.org/swat/e41/lab6/&ei=LXiUU4jHM6fnywOHvIGwCQ&psig=AFQjCNFTUdRELwpZAksNBe1CHPmb87ENmw&ust=1402325322089900
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• Evaporation (process 4-1): An internally, reversible, constant pressure heat interaction 

in which the refrigerant (two-phase mixture) is evaporated to a saturated vapor at state 

point 1. The latent enthalpy necessary for evaporation is supplied by the refrigerated 

space surrounding the evaporator. The amount of heat transferred to the working fluid 

in the evaporator is called the refrigeration load. 

qL = h1 − h4                                         (4) 

 

The coefficient of performance in refrigeration cycles is: 

COPR = 
  

  
 = 

       

       
                     (5) 

 

 

2.4 Different design types for an ice rink floor 

Generally, there are five types of rink floor designs which are being used actually (ASHRAE, 

2006): 

a) Open or sand fill type, for plastic or metal piping or tubing.  

b) Permanent, General-purpose type, with piping or tubing embedded in concrete on grade. 

c) All-purpose type, with piping or tubing embedded in concrete with floor slab insulated on 

grade.  

d) All-purpose floors, supported on piers or walls.  

e) All-purpose floors with reheat; use this type when water table and moisture are severe 

problems or when the rink is to operate for more than six months. In Sweden due to low 

temperatures, this ice rink floor is the most used and which it is going to be focused. 
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Figure 6: Different designs of Swedish ice rink (ASHRAE, 2006) 

 

2.5 Swedish Rink floor layout  

The ice slab represents the most important structure in an ice rink due to it is the place where all 

the activities take place. The ice rink floor is composed of several layers as shown in Figure 7; 

where dimensions and structure can be appreciate of a typical ice pad.  

• Ice is the topmost layer 

• The second layer is concrete, where the cooling pipes are embedded into it. Sometimes 

asphalt or sand is used as well because its installation cost is lower than concrete but the 

usability is limited to ice sports. For instance, asphalt surfaces are a good option when 

the facility is used for tennis off the ice sport season. Despite the fact that asphalt is 

cheaper than concrete, the costs in the future will be higher, because it will be necessary 

more refrigeration energy requirement in order to maintain the ice surface adequate 

temperature. The level of concrete and pipes should be completely flat to have a well-

distributed cooling and uniform ice thickness (IIHF, 2010.).  

• Below the concrete there is an insulation layer in order to prevent or at least reduce the 

heat transfer from the ground to the pipes. 
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• The next layer below the insulation layer is sand or concrete. It holds the weight of the 

top layers and it is heated with heating pipes embedded into it in order to eliminate or 

minimize the hazards of ground heaving and avoid the permafrost. 

• Finally, the last layer and the biggest is the soil. In this section the temperature is 

considered constant in Sweden, around 5ºC  

 

 

 

 

Figure 7: Typical ice pad construction (IIHF, 2010) 

 

 

2.5.1 Typical piping arrangement of an ice rink 

 

Figure 8 shows a typical piping arrangement for an ice rink. There are two brine pipe headers 

which one of them is the brine supply header and the other one is return header or collector. As 

it is shown, the brine distribution pipes are branched from the headers and have a U shape. This 

simple U shape is called two-pass arrangement but a four-pass arrangement is applied in some 

ice rinks as well. Four-pass layout has a W shape. Four pass systems are claimed to be more 

energy efficient and decrease the energy consumption. (Ingvar, 2007)  

 

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=aTx8Nr4Fjx0lEM&tbnid=eUL-s2BrR5yhBM:&ved=0CAUQjRw&url=http://www.paceindustrial.com/content.php?id%3D26&ei=DXOKU-KvFtDS4QS944DwDA&bvm=bv.67720277,d.ZWU&psig=AFQjCNH1TCGR8AqFflBmohGKE6ab_Xau3w&ust=1401668748838778
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Figure 8: In-slab pipes arrangement in U-shapes (Ingvar, 2007) 
 

 

Figure 

9: Collectors along the short/long side of the ice rink respectively. (IIHF, 2010). 

 

 

The thicknesses of the different layers have been obtained according to the recommendation of 

the International Ice Hockey Federation (IIHF, 2010). 

 

Table 1: Dimensions of the ice pad structure and pipes. (IIHF, 2010.), (ASHRAE, 2010) 

Structure Thickness  (mm) 

Ice 50 

Concrete 100 

Insulation (below cooling pipes) 70 

Sand 150 

Insulation (below heating pipes) 50 

gravel 200 

Pipes (Φ) (Φ)min=20 ; (Φ)max=25 
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2.5.2 Type of pipes used for cooling and heating 

In a typical ice rink three different pipe materials may be used: plastic, steel and copper. The 

most popular type of pipe installed in the ice rinks is plastic pipe because of its light weight, 

ease of and low installation cost. Steel and copper pipes have higher thermal conductivity but 

the investment cost linked to these types of pipes is also higher. In Sweden, only few, rather old 

ice rinks use steel pipes. Copper pipes are used when carbon dioxide is used as the secondary 

fluid. Plastic pipes may let oxygen enter the secondary loop due to oxygen diffusion through the 

pipe wall, causing corrosion in the system. (Nguyen, 2012). This project will focus the study 

considering only plastic pipe of PVC due to, in economic terms, is the cheaper. 

 

 

2.6  Freeze Protection of the floor (permafrost) 

The volume increase that occurs when water changes to ice is now recognized as the 

phenomenon known as "ice segregation". Frost heave is the increase in volume experienced by 

soils when they freeze. The exact temperature at which the soil water begins to freeze is 

determined by several factors, including amount of dissolved cations and particle surface force 

effects, ice typically begins to nucleate before the soil reaches -0.2 C (Smith1985).  

 
In most new ice arenas it is typical to find a subfloor heating system in order to prevent below-

floor permafrost development and heaving. It consists in recirculating a warm antifreeze 

solution through a network pipe, which is normally poured into a concrete slab (or laid directly 

in the sub-foundation) between the base slab and the ice rink’s insulation.  

 

The coolant for the subfloor heating should not be either water or air. With water there is always 

the risk of freezing while with air the pipes can become filled with frost and ice due to high rink 

humidity and air duct leakages (ASHRAE, 2006)  

 

Thus the usage of a warm antifreeze solution is essential. Currently, the same coolant used in 

the refrigeration system is also used for subfloor heating, where the heat rejection of the 

condenser can be recovered to that purpose. 
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2.6.1 How Frost Heave Works 

For frost heave action to occur 4 basic conditions must be satisfied: 

a) The soil must be frost-susceptible  

b) Water must be available in sufficient quantities  

c) Cooling conditions must cause soil and water to freeze  

d) Subsoil temperature must drop below 0 degC.   

 

If one of these conditions can be eliminated, frost heaving will not occur.  

 

2.7 Physical properties - heat transfer  

Heat transfer can be defined as the energy flow due to a temperature difference in a medium or 

between two or more media. There are three types of transferring heat, as it is explained in the 

following (Davies, 2004):  

 Conduction, which is due to a temperature difference in a stationary medium or media.  

 Convection, which occurs between a moving fluid and a surface at different 

temperatures.  

  Radiation, which depends on the transfer of energy between surfaces by 

electromagnetic waves.  

 

In this project, the model focus on the heat conduction, occurring between the concrete and the 

ice.  

In order to study the performance of a slab, some important parameters such as thermal 

conductivity, heat capacity and thermal diffusivity are introduced 

 

2.7.1 Thermal conductivity 

In heat transfer, a material’s thermal conductivity represents its ability to conduct heat 

(Agrawal, et al., (n.a.)). Therefore, heat transfer across materials of high thermal conductivity 

occurs at a higher rate than across materials of low thermal conductivity  

Considering two surfaces on either side of a material, Δx , with a temperature difference 

between them, the thermal conductivity is explained by Fourier’s law heat conduction, being the 

heat energy transferred per unit time Q , and per unit surface area A, divided by the temperature 

difference ΔT  (QATS, 2012).  
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k = 
    

    
                                   (6) 

 
The thermal conductivity is not always constant, being affected by three main parameters: 

density of material, its moisture and ambient temperature. As these factors increase, the thermal 

conductivity will also increase (QATS, 2012). 

 

The inner structure of materials is also important in heat conduction. Metals and other dense 

solid materials tend to have high levels of conductivity, being generally used in heat exchanger 

applications, whereas materials with low amount of solid matter and large proportion of voids 

(gas or air bubbles, not large enough to carry heat by convection) have the lowest thermal 

conductivities, being used as thermal insulators. 

 

2.7.2 Heat capacity 

When talking about thermal mass of a building or part of it, the term heat capacity show up as 

one way to describe it, and can be defined as the amount of heat a material needs to have a 

certain temperature change.  

 

Heat capacity is based on thermally induced molecular movements like vibrations, rotations, 

etc. (Karlsson, J. 2012). Thereby, if those molecules have more space and freedom to move they 

will have the ability to store more heat and consequently a higher heat capacity. Considering a 

material where part of it has a higher temperature than the rest, ergo higher thermal energy, that 

energy will be transferred to the colder part since the molecules with higher vibrations will 

spread and share thermal energy with each other. The equilibrium will come when there is no 

energy input from outside the system and the temperature is the same in the whole material.  

 

Therefore, it is important to quantify thermal inertia in terms of heat capacity C (J/K) being the 

product of mass m (kg) and specific heat capacity Cp (J/(kg.K)) (Karlsson, 2012): 

   C= m   Cp                                              (7) 
 

Considering a slab composed of different parts made of different materials, the total heat 

capacity is the sum of the individual heat capacities of the individual materials: 

 C = ∑                                                     (8) 
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2.7.3 Thermal diffusivity 

The thermal diffusivity of a material is a measure of how fast the material temperature adapts to 

the surrounding temperature. In a sense, it is a measure of thermal inertia. In a substance with 

high thermal diffusivity, heat moves rapidly through it because the substance conducts heat 

quickly relative to its volumetric heat capacity or 'thermal bulk'. It is related to the steady-heat 

thermal conductivity through the equation (Oldroyd, et al., 2012): 

D = 
 

     
                                 (9) 

 

Where:  

D = thermal diffusivity (m
2
/s)  

k = thermal conductivity (W/(m.K))  

Cp = specific heat (J/(kg.K))  

  = density (kg/m
3
)  

 

The diffusivity increases with the ability of a body to conduct heat (k) and it decreases with the 

amount of heat needed to change the temperature of a body (heat capacity) 
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3 Process and results  

3.1 Ice rink floor analytical modelling. Design parameters  

The objective of this project is to evaluate the thermal behaviour and possible energy saving 

potential of the different slab designs proposed. In order to do so, COMSOL Multiphysics 3.5 

software was used due to the variety of modelling options and type of results provided which 

are required to this work. 

 

For it, to give an answer to the following questions is the purpose: 

• How big are the energy losses without insulation? 

• Risk of permafrost with/without insulation? 

• Risk of permafrost without heating pipes? 

• The temperature of the soil in Sweden can be considered constant; it is 5ºC (10 meters 

below) (Jungqvist 2014). Can the temperature help to prevent permafrost?  

• Which is the best model design according to energy saving and efficiency? 

 

3.1.1    5 different models are studied and analysed: 

• The first model represents the conventional case used in the first Swedish ice rink built. 

It consists of PVC pipes carrying the refrigerant imbedded into the concrete slab 

covered with ice and one insulation layer below the cooling pipes in order to reduce the 

energy transfer through the slab. 

• The second model represents the typical case built now in the Swedish ice rink. It is as 

the first one but heating pipes and other insulation layer have been added in the sand in 

order to prevent the permafrost. 

• The third model is as the second one, but the insulation layer below the heating pipes 

has been removed. 

• In the fourth case, one heating pipe more has been added to the model to study the 

behaviour. 

• The fifth model corresponds to the typical model design but changing the cooling pipes 

depth, from 550 mm to 275 mm. 
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3.1.2 The established initial conditions are the same for the five cases: 

• Constant ice temperature of -3ºC.  

• The temperature of the bottom layer of ground is fixed to the value of 5 ºC.(Jungqvist 

2014) 

• Average heat flux from the ice surface of 155 W/m2. (data given by Jan Akander) 

• Remaining boundaries as thermal insulation (walls) 

• Constant heating pipes temperature of 8 ºC – 9 ºC  

• Heat transfer coefficient in the ice surface of 8 W/(m
2
. K), due to conduction, 

convection and radiation, cause the inside temperature and public zones of ice rink is 

19-20 ºC.  (data given by  Jan Akander) 

 

*See appendix A: model setting with COMSOL 

 

The first stage of the simulations consists in analysing the required refrigerant temperature to 

keep the ice at a constant -3ºC. The obtained refrigerant temperatures for the five models will 

also enable an estimation of the respective energy saving potential. 

It is important to know that the energy usage in an ice rink is highly dependent of its 

construction design. Regarding the upper part of an ice rink floor (above the insulation of 

cooling pipes), it should consist in materials with high thermal conductivity to allow the 

maximum heat flow through the along thickness. 

 

Table 2: Physical properties of the different materials used (Wikipedia 2010), (Paroc 2002) 

 Conductivity 

(W/(m.K))  

 

Density (kg/m3)  

 

Specific heat 

capacity (J/(kg.K))  

 

Ice  2,2 917 2035 

Concrete LD 1 1700 750 

Concrete HD 2,6 2100 960 

Insulation 0,04 80 400 

sand 1 1900 1050 

gravel 0,8 1600 920 

ground 1,1 1700 1460 

Pipes (PVC) 0,5 1370 1100 

Refrigerant 

(ammonia) 

0.547 695 4450 
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3.2 Model 1 

The first model of the simulation is usually built in the places where the weather is warm and 

there is not risk of permafrost in the soil. As well, in mobile ice rinks are typical this type of 

layout because they are cheaper and simple. 

The first step of the simulation consists in analysing the required brine temperature to keep the 

ice at a constant -3ºC. 

 

 

Figure 10: Dimensions of model 1 without heating pipes 

 

Figure 11: Temperature profile of the mode 1 obtained from COMSOL Multiphysics along 10 

meters thickness 
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As it can be observed in figure 11, the temperature profile in 10 meters vertical cross 

section has been determined. In order to keep the ice surface at -3ºC (270,15 Kelvin) is 

necessary a refrigerant temperature at least -13 ºC (260,15 Kelvin) through the cooling 

pipes during steady heat flux towards the ice surface. According to (Makhnatch, 2011), the 

temperature 10 meters below the ground is constant in Sweden, it is 5 ºC. 

 So, to install this model in conventional ice rink at Sweden is not a good option because the 

soil below the insulation layer is frozen, it is exactly -9 ºC (264 K), due to low temperatures 

of the refrigerant. 

 

 

3.3 Model 2 

The second model is the typical one used in Swedish ice rink. It is formed by cooling and 

heating pipes with their respective insulation layer below, in order to avoid the permafrost and 

minimize the energy losses. 

As it is said previously, the purpose of the simulation consists in analysing the required 

refrigerant temperature and heat flux to keep the ice at a constant -3ºC. 

The thermodynamic properties of the materials are shown in the table 2 above. (Wikipedia 

2010), 

Two different cases are studied: one represents the conventional case with low density 

concrete and the second one consist of high density concrete for the upper concrete layer , 

which has the characteristic that its thermal conductivity is higher than the first case.  
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Figure 12: Dimensions of model 2  with heating pipes and insulation layer below 
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3.3.1 Model 2 low density concrete (LD) 

 

For the convectional case, thermodynamic properties of the concrete are: k= 1 W/(m•K), ρ= 

1700 kg/m3, cp=0.750 kJ/kg.K. (Table 2) 

 According to the results in the table 3, a temperature of at least -16 ºC of the refrigerant is 

required to keep the ice surface temperature at maximum -3ºC during steady heat flux towards 

the ice surface (Figure 13). 

 

Table 3: Heat flux and temperature results of the model 2 LD 

Inner tube surface 

temperature (ºC) 

Heat fux (W/m
2
) Ice surface temperature 

-16 ºC 153,5 (W/m
2
) -3 ºC 

 

 

 

 

 
Figure 13: Temperature profile of the model 2 LD obtained from COMSOL Multiphysics through 

the ice slab. 
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The next picture, figure 14, shows the lines (1,2,3) where the temperature distribution and heat 

flux at ice surface and through the whole tickness model take place. 

 

 
Figure14: Finite element model cross section (line 1, line 2, line 3) 

 

 

 

Figure 15 represents the plot showing temperature distribution on the ice surface (line 1 on 

the Figure 14). The minimal ice temperature is right above the pipe´s centres and maximum 

close to maximum allowable value of -3 ºC achieved between the pipes. The difference 

between the maximum and minimum temperatures on the ice surface is approximately 0.15 

ºC so, it is considered negligible. Thus the distance between cooling pipes and ice slab 

design is suitable for working and creates ice of uniform temperature. 

 

 

Line 1 

at ice 

surface 

Line 2 

at ice 

surface 

Line 3 

surface 
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Figure 15: Horizontal cross section for temperature distribution (ºC) at ice surface, line 1 in 

Figure 14 

 

 

The following graphic, figure 16, shows the heat flux (W/m
2
) at ice surface with an average of 

153,5 W/m
2. The maximum heat flux value is above the pipe´s centres (153,7 W/m

2) and 

minimum between the pipes (153,3 W/m
2), so, it can be appreciated that the difference 

between both values are very low, under 0,5 W/m
2
, thus almost negligible. 

Thus, it is possible to affirm that the heat flux value is sufficient in order to fulfil the 

required temperature of -3 ºC in the ice surface.      

               

  

Figure 16: Horizontal cross section for heat flux (W/m
2
) at ice surface, line 1 in Figure 14 
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The vertical cross sections on Figure 17 (line 2, figure 14) represent the temperature distribution 

through the whole thickness model, from the top of the ice surface to the surface of the last 

layer. It can be appreciate that the temperature above the cooling pipes is parabolically 

decreasing from -3 ºC at the ice surface to -16 ºC at the inner tube surface. The insulation layer, 

70 mm thickness, significantly eliminates the heat gain from the heating pipes and ground 

where the temperature is drastically increase from (-16ºC to 5 ºC). After that, below the 

insulation, appear the sand layer where the heating pipes are imbedded and the temperature is 

kept between (5 ºC – 8ºC) in order to prevent the permafrost.  

The vertical cross sections on Figure 18 (line 3, figure 14) represent the temperature distribution 

in the middle, between the cooling pipes and heating pipes. The plot is very similar to the 

previous one but the little difference is the minimum temperature in the concrete between 

cooling pipes of – 15 ºC, instead of -16 ºC.  

 

 

Figure 17: Vertical cross section for temperature distribution (ºC), line 2 
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Figure 18: Vertical cross section for temperature distribution (ºC), line 3 

 

 

3.3.2 Model 2 high density concrete (HD) 

This alternative suggests the same design as the previous case but with the improvement of the 

concrete conductivity for the upper concrete layer, in order to observe higher levels of heat 

conduction between this layer and the ice.  

The new concrete (high density concrete) (Ehsan B 2014).  has a higher value of conductivity, 

which means it conducts heat in an easier way than the previous concrete, and it will enable 

higher and quicker amounts of heat transferred through the slab. 

The physical properties of this new concrete are: k= 2,6 W/(m•K), ρ= 2100 kg/m3, Cp=0.960 

kJ/kg.K. (Table 2) 

 

 The simulation was done following the same methodology that the previous case. According to 

the results a temperature of at least -10,6 ºC in the refrigerant is required to keep the ice surface 

temperature at maximum -3ºC during steady heat flux towards the ice surface.(Figure 19) 
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Table 4: Heat flux and temperature results of the model 2 HD 

Inner tube surface 

temperature (ºC) 

Heat fux (W/m
2
) Ice surface temperature 

-10,6 ºC 158 (W/m
2
) -3 ºC 

 

 

Figure 19: Temperature profile of the model 2 HD obtained from COMSOL Multiphysics through 

the ice slab. 

 

 

Regarding to the following graphics can be observed the temperature distribution and heat flux 

on the ice surface. The first and the second graphic, figure 20, verify the average temperature 

profile of – 3ºC and the average heat flux of 158 W/m
2   

along the ice surface, respectively. 
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Figure 20: Horizontal cross section for temperature (ºC) and heat flux (W/m
2
) at ice surface, line 

1 in Figure 14 
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The improved thermodynamic properties of Concrete layer allow using the refrigerant 5,4 ºC 

higher temperature. 

Regarding to the shape of the figure 21, the meaning difference with the previous case is the 

slope becomes slightly less pronounced due to the temperature of the brine is higher than the 

first case. 

Therefore, changing the low density concrete by another one of high density is a good option in 

order to achieve energy saved during ice rink operation. 

 

 

 

 

 

Figure 21: Vertical cross section for temperature distribution (ºC), line 3 in figure 14 
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3.4 Model 3 

In the next simulation, the model studied is the same that the last one but without insulation 

layer below the heating pipes. The temperature distribution and heat transfer through the heating 

pipes have been performed. 

 

 

 

Figure 22: Model design 2 & 3 with/without  insulation below heating pipes 

 

 

 

 

 

According to the temperatures profile there are not significant differences with respect to the 

model with insulation. For this case the necessary temperature of the refrigerant in order to 

achieve the freezing of the ice to -3 ºC, is -10,4 ºC. So the refrigerant temperature only has been 

increases 0,2 ºC. 
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Table 5: Heat flux and temperature results of the model 3 

Inner tube surface 

temperature (ºC) 

Heat fux (W/m
2
) Ice surface temperature 

-10,4 ºC 158 (W/m
2
) -3 ºC 

 

 

 

 

 

 

 
Figure 23: Temperature profile of the model 3 obtained from COMSOL Multiphysics through the 

ice slab. 
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The following picture shows the surface (line 1 and line 2) from the model 2 HD and the model 

3, where the heat flux has been studied, in order to compare which is the most appropriate. 

. 

 
Figure 24: Finite element model 2 HD, mode 3 cross section (line 1, line 2) 

 

 

According to the heat flux, there are significant differences on the layer below heating pipes. 

The purpose of this insulation layer is to reduce the energy losses coming of the heating pipes, 

and to keep the sand temperature upper to 0ºC, to prevent the permafrost. 

 

Regarding to the following calculations performed in COMSOL, the energy losses with 

insulation are lower than the model without insulation. The average heat flux is 0,4 W/m
2 
and 9 

W/m
2 

respectively. Therefore, the best option is to build ice rink floor with insulation layer 

below heating pipes in order to reduce the energy losses. 

 

 

Table 6: Heat flux through the layer using insulation (model 2 LD) versus no insulation (model 

3) 

 Insulation layer  No insulation layer 

Average heat flux W/m
2 0,4 W/m

2
 9 W/m

2
 

Area m
2
 (60*30) 1800 m

2 
180 m

2 

Power W 720 W 16200 W 

 

Line 1

 

Line 2
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Figure 25: Graphic shows the heat flux through the layer with/without insulation 

 

 
 

 

 
Figure 26: Horizontal cross section for heat flux (W/m

2
) below heating pipes. Top picture with 

insulation layer, the lower image without insulation 
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3.5 Model 4 

The next model studies the behavior of the temperature profile, where the heating pipes takes 

place, varying the width between them. Model 4 is going to be compared with the model 2 HD 

in order to know which is the most suitable regarding energy saving and low installation cost. 

The first simulation corresponds to the conventional case, when the distance between heating 

pipes is 550 mm and to the second simulation the distance among themselves is 275 mm. 

 

 

Figure 27: Model design for the convectional case (2 pipes) and for the new case (3 pipes) 

 

 

According to the temperatures profile there are not significant differences with respect to the 

model with 2 pipes. Now the temperature of the refrigerant is slightly decreased to – 10, 8 ºC in 

order to achieve the temperature continue being -3 ºC at the ice surface. 

 

 
Table 7: Heat flux and temperature results of the model 3 

Inner tube surface 

temperature (ºC) 

Heat fux (W/m
2
) Ice surface temperature 

-10,8 ºC 158 (W/m
2
) -3 ºC 
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Figure 28: Temperature profile of the model 4 obtained from COMSOL Multiphysics through the 

ice slab. 

 

The following picture shows the surface, line 1 and line 2, where the temperature profile has 

been studied. 

 

 
Figure 29: Finite element model 2 HD, model 4 cross section (line 1, line 2) 

 

 

As it can be observed in the following graphics, the temperature profile is more uniform when 

another pipe is installed in the sand. . The difference between the maximum and minimum 

temperatures is approximately 3 ºC for the first case and almost 1 ºC for the second case, so it is 

considerable. 

But the purpose of these pipes are only to keep the sand temperature between 5 ºC – 8ºC in 

order to prevent the freezing of the soil, so it is not necessary to keep a temperature profile very 

uniform in order to achieve the requirements before mentioned. 

 

Line 1 
Line 2 
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So it reach the conclusion that the convectional model with 2 pipes is the best option according 

to economic terms, because the energy demand and building cost is lower than the model with 3 

pipes. 

 

 

 

 

 

Figure 30: Horizontal cross section of the temperature profile (ºC). Top picture corresponds with 
2 pipes (line1), the lower with 3 pipes (line2). 
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3.6 Model 5 

The last model studied is the typical one used in Swedish ice rink but now, the cooling pipes 

have been raised up 50 mm with respected to the sand surface. 

 

 

Figure 31: Comparison between model design 2 & 5 respectively 

 

 

The simulation was done following the same methodology that the previous case. According to 

the results a temperature of at least -9 ºC in the refrigerant is required to keep the ice surface 

temperature at -3ºC during steady heat flux towards the ice surface.  

Therefore, this design allows using the refrigerant at 7 ºC higher temperature than the model 2 

LD. (Figure 32) 

 

 

Table 8: Heat flux and temperature results of the model 3 

Inner tube surface 

temperature (ºC) 

Heat fux (W/m
2
) Ice surface temperature 

-9 ºC 156,5 (W/m
2
) -3 ºC 
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Figure 32: Temperature profile of model 5 obtained from COMSOL Multiphysics 

 

The following picture shows the line where the temperature profile and heat flux have been 

studied. 

 

Figure 33: Finite element models 2 & 5 cross section  

 

According to the following graphics can be observed the heat flux and temperature distribution 

on the ice surface (line 1, figure 33).  

The first and the second graphic verify the average temperature profile of – 3ºC and the average 

heat flux of 158 W/m
2  

along the ice surface, respectively. 

The simulation results indicate that lift up 50 mm the cooling pipes with respected to the sand 

surface, lead to an increase of the refrigerant temperature, required to maintain the desired ice 

surface properties. The temperature increased from -16 ºC, for the conventional case (Model 2 

LD), until -9 ºC for the last case (Model5). 

So it can be concluded that the design 5 is the best option regarding energy saving and 

efficiency. 

Line 1 
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 Figure 34: Horizontal cross section for temperature (ºC) and heat flux (W/m
2
) at 

ice surface, line 1 in Figure 33 
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3.7 Final results 

The following table shows the required refrigerant temperature and heat flux in the ice surface, 

to achieve the ice surface temperature of -3 ºC. 

According to the different obtained results, the best alternative is the model 5 regarding energy 

saving and efficiency, because the required refrigerant temperature, in order to achieve the ice 

surface temperature of -3 ºC, is the highest. 

 

 

Table 9: Theorical value of Refrigerant temperature, Heat flux and Ice surface temperature from 

different models simulated with COMSOL. 

 Refrigerant 

temperature (ºC)  

Heat fux (W/m
2
) Ice surface 

temperature (ºC) 

Model 1 -13 150 -3 

Model 2 LD
*
 -16 153,5 -3 

Model 2 HD
*
 -10,6 158 -3 

Model 3 -10,4 158 -3 

Model 4 -10,8 158 -3 

Model 5 -9 156,5 -3 

 

Model 2 LD
*
: model 2 low density concrete. 

Model 2 HD
*
: model 2 high density concrete. 

 

 

3.8 Energy saving potential estimation 

The purpose of this part is to calculate the energy usage of the compressor and COP of the 

refrigeration cycle from the different models designed.   

After knowing the required refrigerant temperature and heat flux for the different designs, a 

number of assumptions have to be made in order to obtain how much energy can be saved. 

As in the model 2 HD, model 3 and model 4 the refrigerant temperature is very similar, the 

comparison will be made between the model 2 LD and the model 5 due to refrigerant 

temperature difference between both is the highest. 
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 The heat flux of model 2 LD and model 5 is 153,5 W/m
2  

and 156,5 W/m
2
, respectively. So, the 

average heat flux assumed for the calculations is q=155 W/m
2
. 

Thus, considering an ice surface area of 1800 m
2
, the total required power by the evaporator 

should be: 

Qeva= Qheat flux * Area = 155 W/m
2 
* 1800 m

2
 = 279 kW  

Considering an efficiency of 95 % through the process evaporator-to-cooling (pumps and heat 

exchanger), it is concluded that the evaporator should be able to provide 279/0.95=293, 68 ≈ 

294 kW cooling power to absorb all the heat coming to the ice. 

 

In order to calculate the COP and power compressor of the Model 2 LD and Model 5 cycles, 

both models were simulated with termograf v5.7 software. 

 

Termograf v5.7 is a software developed by university of Zaragoza (Spain) in order to implement 

all types of thermodynamics cycles. 

 

The refrigerant used in the cycle is ammonia with one stage and the mass flux is 0,27 kg/s. 

Considering the condensing temperature is 52 ºC, the temperature of the refrigerant leaving the 

condenser is 17 ºC, and the temperature after the compressor is 107 ºC the following results 

have been obtained.     

The required compressor power and obtained COP with –16 ºC as evaporator temperature are 

then 80, 62 kW and 3,65 respectively for the model 2 LD. Following the same steps for the 

model 5, and having a temperature increase of the evaporating refrigerant to -9ºC, causes the 

COP to increase to 3,8 and the required power to decrease to 76,6 kW. 

Assuming the compressor isentropic efficiency of 0,8, the required compressor power from both 

models is then 100,7 kW and 95,7 kW respectively, so the difference is 5 kW. 

Considering the average season lengths to be 40 weeks per year and a daily operation of 24 

hours, the total energy saved would be 33,6 MWh/year. If Indoor ice rink in Sweden use an 

average energy of 1050 MWh/year and, from which 42% is used by the refrigeration system, the 

energy saved would correspond to 7,6 % of the total energy consumed. 

 

The refrigeration cycle calculations are presented in the appendix B.  
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Table 10: Final results of the COP and compressor power from the model 2 LD and model 5 

 Evaporator 

temperature (ºC) 

COP cool Compressor 

power (kW) 

Model 2 LD -16 3,65 82,62 

Model 5 -9 3,8 76,6 

 

 

 

 

 

Figure 35: Refrigerant cycle simulated with termograf. 
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4 Discussion  

This work has aimed to demonstrate that energy consumption for cooling system in the floor of 

indoor ice rinks is lower when some floor design improvements are made. 

To demonstrate  these benefits, five static models has been simulated and studied with 

COMSOL Multiphysic 3.5, due to it provides a variety of modelling options and an easier way 

to see the temperature profile and energy transfer through the slabs 

 

The Model1 represents the conventional case used in the first Swedish ice rink built, but 

nowadays, due to facility the ground is frozen, is not built in indoor ice rink. 

 

The model 2 represents the typical case built now in the Swedish ice rink. It is as the first one 

but heating pipes and other insulation layer have been added in the sand in order to prevent the 

permafrost. With this model 2 different cases have been studied, the first one with the typical 

thermal conductivity concrete k= 1 W/(m•K),  and the second one with an improved thermal 

conductivity concrete k= 2,6 W/(m•K). 

 

The model 3 is as the second one, but the insulation layer below the heating pipes has been 

removed. 

 

The model 4 is also as the second one, but one heating pipe more per meter has been added to 

study the behaviour. 

 

Finally, the model 5 corresponds to the typical model design but changing the cooling pipes 

depth, from 550 mm to 275 mm. 

 

Afterwards, model 2 (conventional design) and model 5 (design improved) are then compared 

with a surface area of an ice rink in about 1800 m
2
 , in which the energy saving calculations are 

based. 

 

. 
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5 Conclusion and future works 

Regarding the conclusions of the thesis, the following ideas are to be taken into account. 

 

On one hand, regarding the thermal conductivity, it must be stated that the model 2, with a high 

thermal conductivity concrete, conducts heat in an easier way than the previous concrete, and it 

will enable higher and quicker amounts of heat transferred through the slab. The improved 

thermodynamic properties of Concrete layer allow using the refrigerant 5,4 ºC higher 

temperature to keep the ice at a desired temperature. So, it must be pointed out that in terms of 

heat transfer, the concrete layer that supports the cooling pipes is one of the most important 

parts of the structure. 

 

On the other hand, as far as the insulation layer is concerned, it must be pointed out that the 

energy losses with insulation are lower than the model without insulation. The average heat flux 

is 0,4 W/m
2 

and 9 W/m
2 

respectively. Therefore, the best option is to build ice rink floor with 

insulation layer below heating pipes in order to reduce the energy losses. 

 

Concerning to the model 4, the idea of to install one pipe more has been rejected due to the 

heating demand would be increased. Thus, the typical model, with 2 pipes per meter (550 mm 

width), is the best option because the required heating demand is already achieved. 

 

Finally, regarding to the model 5, it can be observed that if the cooling pipes depth is raised up 

to 50 mm, the refrigerant temperature required to maintain the desired ice surface properties has 

been increased. The temperature increased from -16 ºC, for the conventional case (Model 2), 

until -9 ºC for the last case (Model5). 

 

So it can be concluded that the design 5 is the best option regarding energy saving and 

efficiency, which means annual energy savings around 33,6 MWh/year, being 7,6 % of the total 

energy consumption. 

 

Future works 
 

Additional studies in this area can still be performed in order to have a better understanding of 

energy efficient measures that can be taken in an ice rink, concerning its slab. Here are some 

suggestions that may be worth considering: 
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 Regarding the static simulations, the concrete floor thermodynamic response could be 

repeated having different initial conditions, different refrigerant tubes location and 

properties (copper/plastic), in order to observe the influence of each factor in the 

refrigeration system overall energy consumption.  

 

 

 Simulating the dynamic variation of the heat flux within the slab, in addition to the 

static one performed in this thesis. That study would reveal the ice rink energy saving 

potential during operation by adjusting the cooling load during a certain period of time, 

providing more accurate results than the simulation with constant heat load. That 

dynamic simulation would be worth to be repeated under different time periods, heat 

flux distribution and different concrete physical properties.  

 

 

 

 

 

 

 
 Figure 36: Sample of model design 5 
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7 Appendix A: Model Setting with COMSOL 

 

 
 

 
 

 
Figure A1: Some Boundary Settings of model with COMSOL 
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8 Appendix B: refrigeration cycle properties  

 

The refrigeration cycle calculations have been made with termograf v5.7 software. 

In the following pictures are presented the different states and values of the COP, compressor, 

evaporator and condenser from both models obtained with termograf. 

 

Model 2 LD 
 

 
Figure B1: Refrigerant cycle of the model 2 LD simulated with termograf 

 

 
Figure B2: Characteristics of compressor power, evaporator power, condenser power and COP  

 

 

 

 

 

COP=3,65

 

Qeva=294,3 kW Wcompressor=80,6 kW

 

Qcon=80,6 kW

 

m= 0,27kg/seg 
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Model 5 
 

 

 
Figure B3: Refrigerant cycle of the model 5 simulated with termograf 

 

 

 
Figure B4: Characteristics of compressor power, evaporator power, condenser power and COP 
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