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Abstract. The heat transfer in the skating rink track is nonstationary and phase changing. In case of skating rinks 
equipped with pipe registers, the temperature field during the ice formation process can’t be modeled by 
analytical methods. Also, the paper presents the experimental study for temperature distribution around the 
cooling pipes of an ice rink pad. The experimental research was targeted on finding the temperatures in several 
points of the pad and also details on the ice shape and quality around the pipes. The experimental results were 
compared against the numerical modeling using finite elements.   
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1. INTRODUCTION 

The problem of melting and solidification of 
substances, from the point of finding the tem-
perature distribution within solid and liquid phases 
and of the movement of the solid – liquid interface, 
is very interesting (both from theoretical and 
practical point of view), because conduction heat 
transfer accompanied by phase change occurs in 
many applications, such as ingots solidification, 
directional solidification of alloys in order to 
obtain a certain metallographic structure, freezing 
of foods, soil freezing and thawing, phase change 
thermal storage, etc. Mathematical modeling of 
this phenomenon and especially mathematical 
solving of this problem are aggravated by the fact 
that general solutions refers to unsteady 3D tem-
perature distribution for bodies whose thermo-
physical properties depend on temperature [1, 2]. 

2. PROBLEM FORMULATION 

For the experimental study of temperature 
distribution around the cooling pipes of the pad, an 
experimental test bench was built in the Refrige-
ration laboratory. The experimental study was 
divided in two phases: 

Phase I - study of temperature distribution 
around water immersed pipes; 

Phase II - study of temperature distribution 
around sand buried pipes. 

The main components of the experimental test 
bench are: 

 refrigeration system; 
 ice rink pad; 
 secondary cooling agent loop; 
 data (temperature) recording system 
The layout of the experimental test bench is 

shown in Figure 1.  
 

 
 
 

Fig. 1. Experimental test bench: 
1 – compressor; 2 – air cooled condenser;  

3 – dehydrating filter; 4 – throttling device; 
5 – thermostat; 6 – flooded evaporator;  

7 – secondary coolant stirrer; 8 – secondary 
coolant tank; 9 – secondary coolant pump; 

10; 11– headers; 12 – Ice rink pad;  
13 – valves. 
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The refrigeration system is a single stage vapor 
compression system using R134a. The pad is 
cooled using a secondary agent (ethylene-glycol) 
loop, which is first cooled in a tank. 

Temperature recording system comprises : 
 Dixell NTC thermocouples; 
 Dixell XR02CX digital thermostat; 
 Dixell XPJ data logging module; 
 Dixell XWEB500 control unit 
Connecting of Dixell XWEB500 control unit 

allowed the use of following features: 
 data monitoring and recording, alarm detec-

tion and recording of the connected devices; 
 interactive commands for connected devices; 
 parameters table programming; 
 visualization of recorded data as chart or table. 
The thermocouples were placed around the pipe 

so that their positions correspond to points coordi-
nates on the numerical simulation model geometry 
(Fig. 2). So, thermocouples T1, T2, T3 on the X axis 
direction correspond to points P1, P2, P3 of the 
model, thermocouples T4, T5 on the +Y axis 
direction to points P4, P5, and T6 on the -Y, axis 
direction to point P6 (Fig. 3). 

 

 
Numerical modeling was performed using Fluent 

6.3 software for two cases of skating pad 
construction, namely: pad with water immersed 
pipeline and pad with pipes buried in sand [5,6]. For 
symmetry purpose the study was conducted using a 
flat mesh, bordered left and right by two vertical lines  

passing through the mid distance between two 
consecutive tubes, a straight horizontal line re-
presenting the water (or ice) surface and another one 
that represents the pad foundation board (Fig. 3). 

 

3. PROBLEM SOLUTION 

In Figure 4 are shown picture of temperature 
distribution over time for the water immersed pipe. 
It can be noticed the different distribution over the 
2 axis, due to different boundary conditions and 
also due to external influences. Thus, for the X and 
–Y directions we have a swift temperature de-
crease, and on Y direction a slower decrease due to 
the water surface convective heat flow. 

Figure 5  shows image of temperature distribution 
for the sand embedded pipe for some moments in 
time.In comparison to the water immersed pipes, it 
can be noticed a steeper temperature decrease on the 
domain surfaces and a more uniform distribution on 
the air-water contact surface. As one can notice from 
Figures 6, 7, temperatures measured by 
thermocouples T1, T3, at any moment are larger than 
the computed ones. This observation indicates that 
the experimental freezing front velocity, had smaller 
values compared to the one obtained from the 
numerical model, due to some cold losses we were 
unable to account for, but also due to air temperature 
variation inside the laboratory during the experiment. 

 

 
 

Fig. 4. Temperature distribution at τ = 150 min for the water immersed pipe. 

P1 

P2

P3 

P4 P5 

P6

Fig. 3. Arrangement of surfaces, points and contours on 
the analyzed area. 

Fig. 2. Position of the thermocouples around the 
pipe. 
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Fig. 5. Temperature distribution at τ = 150 min for the water  
immersed pipe. 
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Fig. 6. Comparison between experimental (T3) and numerical 
(P3) results. 
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Fig. 7. Comparison between experimental (T1) and numerical 
(P1) results. 
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Fig. 8 shows temperature variation vs. time for 

thermocouples T1, T2, T3. One can notice that 
temperature variations at the pipe wall (T1) and at 
half distance between the pipes (T3) are different. 
This leads to a fast formation of ice next to the 
pipe and a slower one between the pipes. Thus, 
thermocouple T1, placed next to the pipe, shows a 
temperature of 0 °C after about 50 minutes while 
thermocouple T3, placed between the pipes, shows 
the same temperature only after about 160 minutes. 

4. CONCLUSION 

One can notice that the largest deviations 
between experimental and numerically modeled 
temperatures, are at the beginning of the process, 
when water is in liquid form, and are due to the 
fact that the cooling load is maximal, and the 
temperature of the secondary cooling fluid has 
small variations. After complete solidification of 
water, temperature differences drop, showing a 
decreasing cooling load and a stable operation of 

the refrigeration system. Experimental results 
match numerical ones so the mathematical model 
used for numerical simulation is validated by the 
experimental study. 
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Fig. 8. Temperature variation vs. time for thermocouples T1, T2, T3.  
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