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Abstract

In this research, the effect of phase change material (PCM) on indoor thermal comfort of a flat 

building located in five different climate regions of China was studied by an angle coefficient 

method and EnergyPlus. EnergyPlus was used to calculate temperatures of wall surfaces, and the 

angle coefficient method was used to calculate PMV (predicted mean vote) value located different 

indoor position.  

Based on the calculated PMV values for different distant to south wall, it can be known that phase 

change materials can obviously increase the time of the indoor PMV value within the range (-1, 1) 

in climate region of cold &mild. It can also reduce fluctuations of different location indoor PMV 

value.  

In climate regions of both hot summer & cold winter and hot summer & warm winter, there is little 

effect of phase change materials on PMV. 
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1. Introduction 

The indoor thermal comfort is a kind of subjective consciousness, which means the degree of 

people's satisfaction often surrounding thermal environment [1].Generally speaking, there are two 

kinds of calculation model for the indoorthermal comfort. One is PMV (Predicted Mean Vote) /PPD 

(Predicted Percent Dissatisfied) model [2], the otheris the adaptive comfort model [3].The first 

methodis a complex formula based on human body heat balance, and the latter is a simple 

equationcombined with the indoor thermal comfort temperature and outdoor environment 

temperature. In this paper, we choose the PMV/PPD as a calculation model to study the indoor 

thermal comfort. 
 

2. Methodology 

2.1 PMV calculation model 

PMV (Predicted Mean Vote) is based on human body heat balance and the level of subjective 

sensation of indoor thermal in Psychology, considering the comprehensive factors like the human 

body thermal comfort. The partition of human thermal feeling and PMV is shown in Table 1, when 

the value is between (-1, 1), it is said the indoor thermal comfort is good. 

 
Table 1: The degree of PMV 

 

Thermal feeling hot warm slightly warm middle Slightly  

cool 

cool cold 

The value of 

PMV 

+3 +2 +1 0 -1 -2 -3 

 

There are four environmental factors, including air temperature, the average radiation temperature, 

relative humidity and air velocity, and two personal factors, thermal resistance of clothing and 

human metabolism rate, considered in this thermal comfort index.PMV calculation model has been 

demonstrated in a variety of climatic conditions [4]. 

 

Table 2: The related parameters of PMV 

 

Parameters Values Origin Range 

human metabolism 

rate 
69.78 W/s2 

GB 18049-2000 

46.52 W/s2—232.6 

W/s2 

air velocity 0.1 m/s 0 m/s—1 m/s 

thermal resistance of 

clothing 
0.08 m2℃/W 

0 m2℃/W—0.31 m2

℃/W 

 

2.2 Improvement of PMV calculation model ---Angle coefficient method 

Through the building thermal comfort calculation method --- PMVmethod, it only roughly calculates 

the average thermal comfort of buildings. This rough method can be used in small buildings.But 

with the increasing of building area, indoor temperature and thermal comfort in different location 

may have obvious difference.As is known to all, the closer to the walls, the hotter in summer indoor. 

The reasons for this phenomenon is that the radiation temperature of wall is higher, keep in heat 

emission of human body by radiating through the walls.Thus it can be seen that the radiation 

temperature in different position indoor is not the same, the radiation temperature in position close 

to outer walls is higher, and the thermal comfort is worse.In order to analysis the thermal comfort 

indoor more accurately, in this paper we consider the distance betweenthe human body and the 

building envelopes when calculating the radiation temperature.Improve PMV calculation model 
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with Angle coefficient, to calculate the influence of phase change materials for indoor thermal 

comfort. 

 

Angle coefficient refers to the ratio of one surface receiving radiation energy which is emitted by 

another surface. And it can be said the influence of the distance between two surfaces and 

geometrical relationship for radiation heat transferring .In this paper, we choose the human body 

as a surface receiving radiation energy and the building envelope as another surface. The 

calculation formulas of angle coefficient of the human body and the building envelope parallel or 

perpendicular to the human body are shown as follows: 

 

 
Figure 1 The calculating method of angle coefficient  

 

The building envelope is parallel to the human body: 

     FdA1−A2
=  ∫

cos θ1 cos θ2

πL2

 

A2
dA2 = ∫  

a

0 ∫  
b

0

h2

π(x2+y2+h2)2
dxdy                  （1） 

The building envelope is perpendicular to the human body：      

FdA1−A2
=  ∫

cos θ1 cos θ2

πL2

 

A2
dA2 = ∫  

a

0
∫  

b

0

h√x2+y2

π(x2+y2+h2)2
dxdy                  （2） 

ts = t1
4FA1−A2

+ t2
4FA1−A3

+ ⋯ + tn
4FA1−An

                               （3） 

Where:   

F: Angle coefficient; 

θ1: The angle of the radiating surface relative to the position of the radiated surface and the 

normal of radiating surface; 

θ2: The angle of the radiated surface relative to the position of the radiating surface and the 

normal of radiating surface; 

L: The distance between the radiating surface and the radiated surface; 

a,b: The length of side of the radiating surface; 

H: The vertical distance between the radiating surface and the radiated surface; 

t1……tn: The radiation temperature of different radiating surfaces. 

 

2.3 The verification of the results to Angle coefficient method  

In order to verify the correctness of radiation temperaturecalculated through the Angle coefficient 

method, Angle coefficient method is used to calculate the radiation temperature at intermediate 

point of the building model(i.e. ignore of the distance betweenthe human body and the outer wall), 

and comparing the calculation resultswith that of the EnergyPlus software.Figure 2 shows the 

difference of the average radiation temperaturecalculatedusing EnergyPlus and that calculated by 

Angle coefficient method in the middle position. The red line is the different of building model with 

phase change materials,and the black line is that of building model without PCM. It's easy to see 
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that the results of these two calculation methods is very close whether or not containing phase 

change materials, and the maximum error is less than 1 ℃, which proves the accuracy of Angle 

coefficient method. 

 

 

Figure 2 Angle coefficient calculation results and the EnergyPlus simulation results  

 

3. Results and discussion 

3.1 Influence of PCM for thermal comfort indifferent climate regions 

The outer walls around the buildings are considered as building envelopes parallel to the human 

body.The roofs and floors are considered as building envelopes perpendicular to the human body. 

When calculating indoor thermal comfort in this paper,it is assumed that the distance between the 

human body and perpendicularenvelopesis constant, just changing the distance betweenthe 

human body and the south & north walls. To study the ability of phase change materialto improve 

indoor thermal comfort near the walls and rule out other factors, abuilding of flathouse with area of 

360 m
2
 (30 m X 12 m) is chosen as a building model, which is shown in Figure 3. The main 

parameters of building envelopes are shown in Table 3. Calculate the PMV value of different 

location（1m, 3m, 5m and 7m far from the wall）, and analysis indoor thermal comfort. 

 

 

Figure 3 Building mode 

Table 3: The main parameters of building envelopes 

 

Building envelopes Structural layers（outer to inside） 

Roofs 
Concrete (40mm), Insulating (25 mm), Concrete (50 mm), Plasting 

(10 mm) 

Walls with PCM 

（south walls） 

Plasting (5 mm), Concrete (20mm), PCM (10mm), Plasting 

(12mm) 

Outer walls Plasting (5mm), Concrete (20mm), Plasting (12mm) 

Floors Concrete (100mm), Plasting (12mm) 
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3.2 The influence of PCM for indoor thermal comfort in different climate regions 

According to “Design code for heating ventilating and air conditioning”，when calculating indoor 

thermal comfort，it is necessary to comply with the rule of determining PMV & PPD and thermal 

comfort conditions in mild thermal environment (GB/T 18049-2000). Evaluate indoor thermal 

comfort with the index predicted mean vote(PMV) and the index predicted percentage of 

dissatisfied(PPD) , and when PPD is less than 27%, the PMV is within the range (-1, 1) [5]. In this 

research, indoor thermal comfort is analyzed in summer，from June 15 to September 15, a total of 

2230 hours.  

 

In this paper,we choose seven representative cities in different climate regions of China 

(Shenyang in severe cold climate region ,Zhengzhou in cold climate region, Changshain hot 

summer & cold winter climate region, Hong Kong in hot summer &warm winter climate region and 

Kunming in mild climate region), shown in Figure 4, and five kinds of phase change materials with 

different phase transition temperature (Tpc=21 ℃,23 ℃, 25 ℃, 27 ℃ and 29 ℃). 

 

The PMV value of same building model with different phase change materials in different climate 

regions is calculated. The total time which PMV is within the range of (-1, 1)of building with PCM is 

shown in Table 4. The difference between the total timewhich PMV is within the range of (-1, 1) of 

building with PCM and that of building without PCM is shown in Table 5 and Figure 5. The more 

obvious the difference is, the greater the contribution of phase changes materials to maintain 

indoor thermal comfort. 

 

Figure 4 Chinese climate regions(2009) 

 

Table 4: Thermal comfortable time in different cities 

 

City 
Total 

Time 
No PCM Tpc=21℃ Tpc=23℃ Tpc=25℃ Tpc=27℃ Tpc=29℃ 

Shenyang 2230 1617 1770 1772 1779 1761 1760 

Zhengzhou 2230 931 971 975 986 981 977 

Changsha 2230 0 0 1 1 2 1 

Hong Kong 2230 0 0 0 0 0 0 

Kunming 2230 1116 1207 1211 1221 1218 1216 
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Table 5: The increase of thermal comfortable time of building model with PCM 

 

City Tpc=21℃ Tpc=23℃ Tpc=25℃ Tpc=27℃ Tpc=29℃ 

Shenyang 153 157 152 144 143 

Zhengzhou 40 44 55 50 46 

Changsha 0 1 1 2 1 

Hong Kong 0 0 0 0 0 

Kunming 91 95 105 102 100 

 

 

 

 

Figure 5 The influence of PCM for indoor thermal comfort in different climate regions 

 

After the above analysis, according to the difference, a regional distribution diagram of the indoor 

thermal comfortable time can be drawn, shown in Figure 6. From the diagram, it is easy to seethat 

phase change materials can obviously increase the time the PMV value within the range (-1, 1) in 

regions of cold, cool & mild climate. Especially in Shenyang, after using suitable phase change 

materials, the thermal comfortable time increases 150h in summer, about ten percent. But in 

regions of both hot summer & cold winter and hot summer & warm winter region, phase change 

materials have little effect on increasing comfortable time. For example, there is no obvious 

increase of thermal comfortable time after using phase change materials in Hong Kong and 

Changsha.The reason for this phenomenonis that the indoor air temperature and PMV value all 

are decreased, but not enough to make the PMV value within range (-1, 1).Namely, although 

indoor thermal comfort can be improved by phase change materials, but it is not enough to achieve 

a comfortable range.In addition, Hong Kong and Changshaare both famous oven cities.Air 

temperature in summeris very high, more than 33℃ in long time, so the energy storage 

characteristic of phase change materials is difficult to play. Comparing with Figure 4, climate 

regions in China, the divisions of them are the same, which also shows that the phase change 

materials are suitable for climate regions of cool, cold and middle. 

 

According to Figure 5, it can be inferred the phase change temperature of phase change materials 

of each climate region, that of Harbin, Shenyang and Dalian are all 23℃, because of the low air 

temperature; and that of Kunming and Zhengzhou in middle climate region is 25℃. 

 

0

50

100

150

200

Tpc=21℃ 

Tpc=23℃ 

Tpc=25℃ 

Tpc=27℃ 
Tpc=29℃ 

153 

157 
152 

144 
143 

40 

44 

55 
50 

46 

0 

1 

1 

2 
1 0 

0 

0 

0 

0 
91 

95 

105 
102 
100 

Shenyang Zhengzhou Changsha Hong Kong Kunming



Zhang, Y  Effect of phase change materials on indoor thermal comfort of 
a flat building located in different climate regions of China 

 

 
HealthyHousing2016: 20-24 November, 2016, Queensland University of Technology, Brisbane, Australia.  

 

Figure 6 Regional distribution diagram of the indoor thermal comfortable time 

 

3.3 The influence of PCM for indoor thermal comfort in different position of room 

In order to study the effect of the phase change materials on improving indoor thermal comfort at 

different position of room, four points (far from the PCM wall/south wall 1 m, 3 m, 5 m and 7 

m)were chosen.For ease to calculation and analysis, it is assumed that four points are located in 

the middle of east wall and west walland the distance from human body to floor&roof is also 

constant. Calculate the PMV and the total timewhich PMV is within the range of (-1, 1) of building 

model with suitable PCM in different position, shown in Table 6,andcompare them with those of 

building modelwithoutPCM in the same location,calculatethe increase of thermal comfortable time, 

shown in Table 7 and Figure 7. 

 

Table 6: Thermal comfortable time in different position in different cities  

 

City Total Time No PCM 1 3 5 7 

Shenyang 2230 1617 1778 1775 1773 1773 

Zhengzhou 2230 931 1002 999 988 986 

Changsha 2230 0 4 3 1 1 

Hong Kong 2230 0 0 0 0 0 

Kunming 2230 1116 1225 1223 1222 1222 

 

 

 

Table 7: The increase of thermal comfortable time of building model with PCM  

 

The distance from the 

south wall 
1m 3m 5m 7m 

Shenyang 161 158 156 156 

Zhengzhou 71 68 57 55 

Changsha 4 3 1 1 

Hong Kong 0 0 0 0 

Kunming 109 107 106 106 
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Figure 7 The influence of PCM for indoor thermal comfort in different position of room 

 

According to Figure 7, thelessthe distance from south wall, the more the increase of thermal 

comfortable time of building model with PCM, which is evident in all cities.It is said that phase 

change materials has greaterability to adjustfor indoor thermal comfortnear the wall. In different 

cities, the effect of phase change materials on improving indoor thermal comfort is different. 

Similar to the conclusion above, using phase change materials has great improvement on indoor 

thermal comfort near the wall in Shenyang, thermal comfortable time which PMV is within the 

range (-1, 1)respectively increase 161h;That in Zhengzhou and Kunming increase 50~100h; 

InChangsha and Hong Kong, the increase is almost zero, which is consistent with the conclusion 

above. 

 

In order to better show the effect of phase change materials, wemake a specific analysis on the 

improvement of PCM on indoor thermal comfortin different location of building model from 0clock 

to 23clock on August 1.According to analysis, thedifference between the PMV in the position 1m 

far from the south wall and that 7m far from the south wall is biggest, so the indoor thermal comfort 

fluctuation according to the location of the situation is shown by the difference betweenthese two 

PMV. The smaller the difference is, the more constant the PMV in different location, the smaller the 

indoor temperature fluctuation, and the better the indoor thermal comfort. In Figure 8, the upper 

boundary of band chart meansthe difference of building model without PCM, and the lower 

boundary is that of building model with PCM. The larger the area of band chart,the greater the 

contribution ofthe phase change materials to reduce the difference in the region, the strongerthe 

ability to increase indoor thermal comfort. 

 

Shown in Figure 8, the area of band chart of Shenyang is significantly greater than that of other 

regions, which means PMV can more obviously maintain the indoor thermal comfort in different 

location of room in these two regions. The area of band charts on behalf of Kunming and Hong 

Kong are smaller, which means the ability of PCM to adjust the indoor thermal comfort is limited in 

these regions. Additionally, it is obvious to reduce indoor thermal comfort fluctuation after using 

PCM in Changsha (shown in Figure 8), but it has little impact on increasing thermal comfortable 

time (shown in Figure 4). The reason is that using phase change materials in such a hot summer 

climate region like Changsha, although can adjust the indoor temperature and reduce the PMV 

obviously, but it is not enough to be thermal comfortable and make PMV within the range (-1, 1). 
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Figure 8 The improvement of PCM for indoor thermal comfort in different position 

 

4. Conclusion 

In this paper, the PMV calculation model is improved, the distance between the human body and 

the building envelopes are taken into consideration.So as to solve the limitationof PMV calculation 

model that it can calculate the average radiant temperature of the room, thus to judge the influence 

of phase change materials for indoor thermal comfort in different location ofthe roommore 

accurately. Drawregional distribution diagrams of the indoor thermal comfortable time with the 

results, and in these diagramsit can be more clear to know the effect of the phase change 

materialsto maintain the PMV value within the scope of (-1, 1) in different climate regions, so as to 

judge the feasibility of phase change materials used in these climate regions.  

 

Research results show that after using phase change materials, the indoor PMV value fluctuations 

have a significantly reducing, which is more apparent in cold region, cool region and middle climate 

region, however the phase change materials has a little impact on the indoor thermal comfort in a 

hot region, including climate region with hot summer and warm winter, climate region with hot 

summer and cold winter, i.e. the phase change materials suitable for cold, cool and middle climate 

regions, instead of hot summer climate regions. 
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