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Research background 

In China, most of the cities in the Yangtze River Region belong to 
the hot summer and cold winter regions. This kind of high 
temperature and humidity climate in summer leads to huge energy 
consumption of air conditioners, which not only brings great 
pressure to the national power grid and energy resource, but also 
greatly affects the thermal environment of the city. Yangtze River Basin 

Fan has great 
potential for 
utilization.
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Literature review 

1974 Rohles et al.[1] studied the thermal comfort response of subjects at a temperature range of 22.2 °C to 29.5 °C and a wind speed range of 0.2 m/s to 0.8 m/
s. It was found that wind speed, air temperature and human body heat were closely related relationship, and pointed out that using the wind speed of 
0.8m/s can increase the upper limit of ASHRAE's original comfort range from 26 ° C to 29.5 ° C, the result is adopted by ASHRAE 55-81. 

Mc Intyre[2] studied the acceptability of large wind speeds in a hot environment. The ambient temperature was fixed in the experiment, and the wind 
speed was adjusted by the subject according to his own comfort level. The experimental results show that the ceiling fan can reduce the feeling of 
thermal discomfort in a hot environment, and the upper limit of acceptable temperature can reach 28 °C under the compensation of wind speed.
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Tanable et al.[3] carried out a human thermal reaction experiment on the compensation of air flow in a partial heat environment with a relative humidity 
of 50%. The wind speed was adjusted by the subject. The results showed that the subject preferred wind speed was 1.0 m/s at 28 °C, 1.2 m/s at 29.6 °C, 
and 1.6 m/s at 31.3 °C.

Arens et al. [4]  conducted an experimental study on the effects of air flow on human thermal sensation at different activity levels. The relative humidity 
was 50% and the thermal resistance of the garment was 0.73 clo. The results show that if the wind source can provide wind speeds above 1.4m/s, the 
acceptable temperatures for the 1.0met and 1.2met activities can reach 31°C and 29°C, respectively.

Tsinghua University's Tian Yuanyuan [5] used questionnaires in the laboratory to study the human body's thermal sensation, wet sensation, and hair 
sensation in different hot and humid environments. The results show that in the hot and humid environment in summer, as long as the indoor ambient 
temperature does not exceed 30 °C, the selection of the appropriate air supply speed can basically meet the thermal comfort needs of people.

The human thermal comfort research team led by Professor Li Baizhan of Chongqing University has also carried out a series of experimental studies on 
human thermal sensation in summer hot environment combined with human physiological parameters[6] [7] [8]. The study found that in the hot summer 
environment, when the clothing insulation is about 0.3 clo, the relative humidity is about 70%, and the air flow rate is increased to about 1 m/s, the upper 
limit of the acceptable temperature in the room can be raised to about 30 °C.
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3.1  Experiment design 

Experimental condition 
Based on the typical climate in the Yangtze River Region, three different temperature levels 
(28/30/32 °C) and three different relative humidity levels (50%, 70%, 90%) were selected 
for combination. 

Experimental site 
We did the experiment in an artificial climate chamber measuring 4m (length) × 3m 
(width) × 3m (height). 

Experimental subjects 
We selected three healthy adult males and three healthy adult 
females as subjects. 
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3.1  Experiment design 

Experiment process 
The formal experiment time under each condition was 120 min. The subjects were first stabilized for 20 
min in a stable and windless climate chamber, and then the thermal comfort questionnaire in the windless 
state was filled out. The fan was then turned on and the subjects were asked to fill out the questionnaire 
immediately after the air flowing. And 15 minutes later, the subjects started the second questionnaire, then 
turned off the fan, and the subjects sat down in the windless state for another 20 minutes before entering 
the next level of experiment. The specific experimental process is shown in the picture below. 

04 
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3.2  Experimental data analysis 

30℃ 
70% 

The temperature range of women’s comfort zone is significantly higher than that 
of men at the same air velocity. 

The upper limit of temperature acceptable to women in the windless state is 
about 28 °C, and it can be raised to about 30 °C by air flow. 
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3.2  Experimental data analysis 

28℃—30℃ 

Improve  the  thermal  comfort 

Save  the  energy  consumption 

How much ? 
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4.1  Simulation 

Software 

Cities 

Simulation content 

Energy Plus 

Chongqing、Chengdu、Wuhan、Shanghai、
Hangzhou、Changsha 

We used the EneryPlus software to simulate the 
whole-time room temperature of typical 
residential buildings in the Yangtze River Region 
under natura l condi t ions (wi thout a i r 
conditioning). 
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4.1  Simulation 

Parameter settings 

Ø  Family of parents and a child, three people. 

Ø  Work or go to school from Monday to Friday, 

rest on weekends. 

Ø  The parameters of the envelope structure and 

personnel behavior are all set according to 

relevant specifications and standards. 
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4.1  Simulation 

Chengdu Hangzhou Wuhan 

Shanghai Changsha Chongqing 
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4.2  Calculation 

City Living Room（h）	 Bedroom（h）	 mean（h）	

Chengdu 711.33 721.75 716.54 
Chongqing 679.67 653.08 666.375 
Changsha 750.5 658.42 704.46 
Hangzhou 558.67 703.25 630.96 
Shanghai 674.58 578.42 626.5 

Wuhan 708 682.83 695.415 

In these data, we screened and counted the 
number of hours in the house where the room 
temperature meets the range of 28-30 °C during 
the summer. According to statistics, in the 
summer of the Yangtze River Region, the 
number of hours that the indoor air temperature 
meets the range of is about 700.

City Air conditioning energy 
consumption（kWh） Mean（kWh） 

Chengdu 692.16 

1129.456667 

Chongqing 1171.55 
Changsha 1249.73 
Hangzhou 1110.63 

Shanghai 1023.15 

Wuhan 1529.52 

At the same time, we used Energy 
Plus software to simulate the 
energy consumption generated by 
using air conditioners in the 
temperature range of 28-30°C. 
From the table we can see that the 
average energy consumption value 
is about 1130 kWh.
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4.2  Calculation 

Then we investigated the commodity parameters of many household fans 

in the online store and found that the electric power of most domestic fans 

is about 30W-60W. Therefore, we take the median value of Pf=45W as the 

power calculation value of the fan, and calculate the energy consumption 

of the fan.

City Pf（W）	 T(h) Q(Kw·h) 

Chengdu 

45 

716.54 32.2443 

Chongqing 666.375 29.98688 

Changsha 704.46 31.7007 

Hangzhou 630.96 28.3932 

Shanghai 626.5 28.1925 

Wuhan 695.415 31.29368 

From the calculation results, we can see that 
the energy consumption generated by using the 
fan in the range of 28-30 °C in summer is only 
about 30Kw•h, compared with the 1130Kw•h 
generated by the air conditioner in the same 
temperature range, the energy saving can reach 
about 1100 Kw•h.

200Kw•h a month 

at least 5 months 
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Conclusion 

The condition of 30 ° C / 70% should be the upper limit that the air velocity can 
improve person's thermal comfort. When the environment reaches this upper limit, 
the subjects' thermal sensation can not be reduced even if the air velocity is 
increased again. 

When the relative humidity is 70%, at least in the temperature range of 28-30 °C, the 
thermal comfort of the human body can be significantly improved by air blowing, and 
the building energy consumption can be greatly saved. 

During the summer time in the Yangtze River Region, the number of hours that the 
indoor air temperature meets the range of 28-30℃ is about 700. If a fan is used 
instead of the air conditioner in the corresponding hours, the energy consumption 
can be reduced to about 1100 Kw•h, which can meet the electricity demand of the 
average household for at least 5 months. 

Conclusion 
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