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Abstract. This research analyzes the time lag, which is a thermal storage performance parameter, when a phase change 

material is applied to the floor heating system of a mock-up laboratory. The following results are obtained. In terms of the 

time required for the floor surface temperature to reach 30 °C, the time lag of Room 2 (i.e., the room with the PCM-based 

floor system) was observed to be 15 min. Additionally, in terms of the time required for the floor surface temperature to 

decrease to 22 °C, Room 2 exhibited a time lag of 5 h 2 min. Therefore, the study concluded that longer time lags are 

observed with floor heating systems with PCM.   

1 Introduction  

In the Republic of Korea, a majority of residential 

structures are equipped with floor heating systems[1]. 

More specifically, in the cases of radiant floor heating 

systems, hot water is used as the heat source in concrete-

based systems compared to cases in other countries 

where a dry construction method is adopted[2]. However, 

such floor heating systems are susceptible to a radical 

temperature decrease when their hot water supply is 

halted because of the low thermal storage performance 

of lightweight foamed concrete and mortar[3].  

In this study, the time lag, which is a thermal storage 

performance characteristic, of a conventional floor 

heating system and a system equipped with phase change 

material was comparatively analyzed in a mock-up 

laboratory. The results of this study may be used to 

provide basic data to improve the thermal storage 

performance of floor heating systems, and in turn their 

energy performance. 

2 Mock-up Test  

2.1 Construction of Mock-up Test Room 

To analyze the effect of phase change material (PCM) on 

the time lag of a floor heating system, a mock-up test 

room is fabricated. The mock-up consists of two rooms. 

Each room has a floor area of 3.6 m2 and a net volume 

of 8.6 m3 (Table 1); these are the minimal area and 

volume requirements for a single-person household. 

Furthermore, each room was surrounded by a 200 mm 

thick insulation layer that prevented thermal exchange 

with the exterior environment. Room 1 uses a standard 

floor structure applied in conventional residential floor 

systems, and Room 2 uses a floor structure with PCM. 

Table 1. Specifications of rooms. 

Room size 2 m × 1.8 m × 2.4 m (W × L × H) 

Room volume 8.6 m3 

Floor area 7.2 m2 (3.6 m2 per room) 

External conditions Identical (Indoor mock-up) 

Room Composition 
Room 1: Conventional floor heating 

Room 2: PCM Floor heating (RT42) 

Boiler operation 70 °C for 18 h 
 

To measure the thermal storage performance, thermal 

sensors were installed at several locations such as the 

upper part of the PCM, floor finish surface, mortar 

surface, and inside the room, as shown in Fig. 1. Each 

sensor measured the temperature of the component. 

Floor cross sections of the two rooms are shown in 

Figures 1 and 2. 

The temperature measurement locations include the 

surface of the hot water pipes, the upper part of the PCM, 

the floor finish surface, and a point located 1200 mm 

from the mortar surface. The sensors used for 

temperature measurement were T-type   thermocouples 

(T0.32-Y-W-15), and a Graphte Midi Logger GL820 

was used to collect data every minute. 

 
Indoor (1200mm)
Mortar Surface
Hot Water pipe
PCM

 

 Fig. 1. PCM floor heating system (Sensor locations) 
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Indoor (1200mm)
Mortar Surface
Hot Water pipe

 

Fig. 2. conventional floor heating system (Sensor locations) 

2.2 Measurement results 

The time taken for the temperature to reach 30°C was 

used to determine the time lag; the time lag was used for 

a comparative analysis between Room 1 (the room with 

a conventional floor heating system) and Room 2 (the 

room with a floor heating system with PCM). Results of 

previous research have shown that the floor surface 

temperature should reach 30°C to maintain a 

comfortable room temperature in winter (22°C)[4]. 

After analyzing the time required for the floor surface 

temperature of each room to reach 30°C, the following 

results were obtained. The time required for Room 1 was 

4 h 50 min and that for Room 2 was 5 h 5 min; it was 

observed that the time lag in Room 2 owing to the PCM 

was 15 min. Moreover, the time taken for the floor 

surface temperature of Rooms 1 and 2 to decrease to 

22 °C after heating supply was halted was recorded as 

follows: Room 1 took 11 h 41 min and Room 2 took 16 

h 43 min. It was be observed that the time lag in Room 2 

owing to PCM was 5 h and 2 min. 
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Fig. 3. Room 1: Temperature at mortar surface 
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Fig. 4. Room 2: Temperature at mortar surface 

Conclusions  

This research analyzes the time lag of a floor surface 

system when PCM was applied in a mock-up laboratory 

system. This was compared to the thermal storage 

performance of a conventional floor system, and the 

following results were obtained. 

In terms of the time required for the floor surface 

temperature to increase to 30 °C, Room 1 took 4 h 50 

min, while Room 2 (with PCM-based floor system) took 

5 h 5 min. Thus, the time lag of Room 2 owing to PCM 

was observed to be 15 min. In terms of the time required 

for the floor surface temperature to decrease to 22 °C, 

Room 1 took 11 h 41 min and Room 2 took 16 h 43 min; 

it was observed that Room 2 (with a PCM-based floor 

system) took 5 h 2 min longer than Room 1. 
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