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Abstract. In this paper, temperature fluctuation in the room which was tested
in which environment is built by the domestic air conditioner Different air
conditioning set temperature may cause different temperature fluctuation in each
position. From the subjective assessment results it can be known that, under the
thermal comfort environment condition, the biggest acceptable temperature
fluctuation is obtained and is 0.6 °C in summer and 0.8 °C in winter. In summer
working condition, temperature fluctuation in each test point is compared with
the acceptable temperature fluctuation (0.6 °C) and then the satisfaction rate for
each working condition can be obtained. The test results show that the highest
satisfaction rate about temperature fluctuation is 94% when the indoor air
temperature is about 26 °C. Air temperature higher or lower than 26 °C will
reduce the satisfaction rate about temperature fluctuation. Working condition in
the winter, using the same method, the satisfaction rate about temperature
fluctuation for each working condition can be obtained, it is higher than the
summer, it can reach to 90% in every working condition. It is because that tester
wears a lot of clothes in winter, the clothes can reduce the body’s sensitivity to
the environment temperature changes. Test results are matched well with sub-
jective assessment. The research in this article can provide basis for thermal
comfort evaluation of typical residential air conditioning room and also can
guide the design of air condition system in order to ensure the thermal comfort
of the room.
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1 Introduction

According to statistics, more than 80% of the time in a person’s life is spent indoors,
and indoor environment quality such as sound, light, heat environment and indoor air
quality have significant impact on people’s physical and mental health, comfort and
work efficiency [1]. As shown by physiological studies, when a person is in thermal
comfort conditions, his thought, observation ability and operational skills, etc. are at the
best state [2]. There are two kinds of methods to evaluate the thermal comfort: sub-
jective assessment and objective assessment [3]. Subjective assessment about thermal
comfort can be obtained by subjective evaluation questionnaire and the result is usually
discrete [4]. Temperature fluctuation is a very important parameter in thermal comfort
evaluation index. Temperature fluctuation means the range of changes in the indoor
temperature with a specified period of time after the indoor temperature reaches the
state of thermal stability. With significant temperature fluctuations, the human body
will feel hot and cold, affecting the body’s thermal comfort sensation. In order to study
the range of comfort environment parameters, subjective assessment and objective
assessment are combined and used in this article.

In this paper, the thermal environment laboratory was used to test the temperature
fluctuations of indoor environment caused by ordinary household air conditioner at
temperatures set differently. In addition, the subjects’ subjective evaluation method was
adopted to determine the acceptable temperature fluctuation within the typical residential
air conditioned room under the thermal comfort conditions in winter and summer.

2 Test Equipment and Method for Household Environment
Temperature Fluctuation

2.1 Artificial Environment Laboratory

The artificial environment room used in the thermal comfort experiment of residential
air-conditioned room was 4.20 m long, 3.8 m wide and 2.5 m high with the wall
structure fully consisting of insulation storage boards. Room windows were 1.6 m
long, 1.4 m wide and 1 m from the ground. The air conditioner in laboratory was
installed at the height of 2.2 m. The temperature and other parameters of the external
environment of laboratory were controlled by the environmental control unit, so as to
simulate the climates in winter and summer. The temperature measurement points in
laboratory were arranged according to the 5 � 5 � 5 temperature measurement point
layout method, and the room layout diagram and the temperature measurement point
distribution are shown in Fig. 1(a) below. According to people’s daily major postures
of indoor activities, room temperature measurement points of this experiment room
were determined to be arranged with five measurement points in the vertical direction
of, as shown in Fig. 1(b). The temperature measurement points are located at the four
walls and ceiling in the room, the air outlet and return air inlet of air conditioner and the
outdoor wall. In order to test radiation temperature in the room, a black ball ther-
mometer was placed inside and outside the air conditioning sector respectively and a
hygrograph was placed above the black ball to record the humidity.
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The model air conditioner used in this evaluation was a variable frequency air
conditioner, which could automatically provide the cooling (heating) capacity required
based on the room environment temperature; when the indoor temperature reaches the
expected value, the air conditioner operated at a constant speed to accurately maintain
the temperature and achieved “non-stop operation” so as to ensure the stability of
ambient temperature. There was, however, a range of changes in its cooling (heating)
capacity, so the indoor temperature also had a range of changes, i.e. the temperature
fluctuation. Although there are definitions of scope set out in the internal standard
specifications of some enterprises in respect of the exact temperature fluctuation
acceptable by human body, there is no specific description about their basis and source,
so there is no uniform definition now. This research is aimed at determining the
temperature fluctuation acceptable by human body based on the human thermal sen-
sation experiment and the related theoretical calculations.

2.2 Selecting and Test of Subjects

This research was performed on the basis of residential air conditioner, so the region,
age, gender, BMI and other differences should be taken into account when the subjects

Indoor side
Inner room on indoor side
Air conditioner 

1 2 Representing Black Balls 1 and 2
Environment control unit 
Ground 

Fig. 1. Diagram of thermal comfort test room
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were selected, and they should have the mentality to provide positive cooperation,
certain basic knowledge of thermal comfort, healthy body and serious attitude. The
specific information of subjects are listed in Table 1.

Specific experimental steps:

(1) The indoor temperature and humidity were adjusted to achieve the expected
values and remained stable. The specific steps are as follows: the environmental
control system outdoors was started; the temperature and humidity were adjusted
to the expected value and remained stable, with the temperature fluctuation within
the scope of ±0.2 °C; the temperature difference of two black balls indoors was
no more than 0.2 °C with humidity fluctuation value of ±3%.

(2) The subjects wore winter/summer test clothes. The summer clothes included
underwear, short sleeve, shorts and shoes, with the total thermal resistance of
0.26col; the winter clothes included underwear, three-layered cotton pajamas,
socks and shoes, with total thermal resistance of 0.9clo.

(3) The subjects entered the experiment room to experience the environment comfort,
and they were allowed to walk or stand at any position in the room to feel the
temperature, humidity and wind speed. Subjects experienced for 10 min, and the
completed the subjective questionnaire after the end of experience.

(4) Subjective questionnaires were collected and the temperature and humidity of the
next experiment were adjusted. The subjects returned to the transition room for a
break. After the new experiment temperature and humidity were stabilized (about
40 min), the subjects entered the experiment room for experience again. Con-
sidering the long duration of one experiment, if one subject experienced multiple
temperatures at the same time, the total experiment duration would be too long,
causing subjects’ negative emotions such as agitation. Therefore, each subject
experienced only 3 or 4 temperatures.

Test picture is shown in Fig. 2.

Table 1. Information of subjects selected

Category of subjects Number (person)

The senior (55–70) Male 3
Female 3

The middle-aged (33–35) Male 3
Female 3

Young people (16–35) Male 3
Female 3

Children (7–15) Male 3
Female 3
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3 Test Results of Indoor Temperature Fluctuation

In the natural environment, the temperature will not have significant change in a
relatively short period of time (such as 1 h). In the artificially created environment,
such as the use of air conditioner, heating radiator or fan as environment creating
equipment, it is also hoped that they could be simulated in the work and such effect
could be achieved. In the actual operation of the air conditioning equipment, however,
the temperature will have in significant fluctuations in a relatively short period of time
because of the mechanical cycle problems (such as fan blade swing problem of vertical
air conditioner). This temperature fluctuation may cause discomfort in the human body,
and it will also result in discomfort of being sometimes hot and sometimes cold. The
temperature distribution in the test room is shown in Fig. 3,

In order to evaluate the temperature fluctuation acceptable by human body, the
temperature fluctuation experiment was performed in the summer operating conditions.
The maximum acceptable temperature fluctuation at different environment tempera-
tures was determined through the subjective evaluation of subjects. In this experiment,
the temperature fluctuation period was set at 7 min. The temperature fluctuation of air
conditioner was observed by subjects at the positions with vertical distances of 2 m and
2.5 m from the outlet of air conditioner. It is found through the experiment that the
distance from the air outlet has no significant impact on the acceptable temperature
fluctuation range. According to the preliminary research results of our research group,
the comfortable temperature range within residential room is 25–28 °C in summer and
22–25 °C in winter [5]. On this basis, the research on the temperature fluctuation
acceptable by human body in comfortable environment was performed. Under oper-
ating conditions in summer, the experimental results of acceptable temperature

Fig. 2. Test picture
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fluctuation when the environment temperature changes in the range of 25–28 °C are
shown in Fig. 4. Under operating conditions in winter, the experimental results of
acceptable temperature fluctuation when the environment temperature changes in the
range of 22–25 °C are shown in Fig. 5.

As shown by the experiment results in Fig. 4, there is a small range of changes in
temperature fluctuation acceptable by human body with the current environment
temperature in the comfortable temperature environment of summer, and the range of
temperature fluctuation acceptable by human body is about 0.6 °C; in Fig. 5, however,
there is a large range of changes in temperature fluctuation acceptable by human body
with the environment temperature in the comfortable temperature environment of
winter, and a large range of temperature fluctuation acceptable by human body, which

Face 1 Face 2

Face 3 Face 4

Face 5

Fig. 3. Temperature distribution in the test room
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is about 1 °C. The range of temperature fluctuation acceptable by human body
becomes larger with the rise of environment temperature. The clothes worn in winter
are thicker with larger thermal resistance, resulting in decreased sensitivity to tem-
perature of the human body, so the range of temperature fluctuation acceptable by
human body in winter is larger than that in summer.
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Fig. 4. Acceptable temperature fluctuations under summer operating conditions
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Fig. 5. Acceptable temperature fluctuations under winter operating conditions
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According to the aforesaid experiment results, it is determined that the temperature
fluctuation acceptable by human body is 0.6 °C in summer and 1.0 °C in winter. Based
on this temperature fluctuation range, the human body’s acceptability of this temper-
ature fluctuation at different environment temperatures was tested, with the test results
shown in Fig. 6:

As shown by Fig. 6, when the temperature fluctuation acceptable by human body at
different comfortable temperatures is 0.6 °C in summer and 1.0 °C in winter, the
majority of people’s thermal comfort need can be satisfied and the human body’s
acceptability rate of temperature fluctuation is higher than 80%. There is the highest
satisfaction rate, which is 97%, when the room temperature is 23 °C in winter operating
conditions, and the highest satisfaction rate, which is 94%, when the room temperature
is 26°C in summer operating conditions. In winter operating conditions, the overall
satisfaction rate is still higher than that in summer even with large temperature fluc-
tuation, indicating that the increase in clothes will expand the range of temperature
fluctuation acceptable by human body and improve the body’s thermal comfort.
Wearing too much clothes, however, will cause the decline in action capability of
human body and increase discomfort in other aspects, so the clothes worn should also
meet the requirements of activities performed by the human body.

4 Conclusion

Through the combination of objective test and subjective evaluation, the range tem-
perature fluctuation acceptable by human body in comfortable indoor thermal envi-
ronment has been researched, and the range of temperature fluctuation acceptable by
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Fig. 6. Human body’s acceptability rate of temperature fluctuation at different environment
temperature
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human body has been determined in winter and summer operation conditions,
respectively, providing a theoretical basis for developing air conditioning control
strategy for thermal comfort. The specific conclusions are set out below:

1) From the subjective assessment results it can be known that, under the thermal
comfort environment condition, the biggest acceptable temperature fluctuation is
obtained and is 0.6 °C in summer and 0.8 °C in winter.

2) The highest satisfaction rate about temperature fluctuation is 94% when the indoor
air temperature is about 26 °C in summer; working condition in the winter, the
satisfaction rate about temperature fluctuation is higher than the summer, it can
reach to 90% in every temperature.
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