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Preface

The International Symposium on Heating, Ventilation and Air Conditioning
(ISHVAC) series was initiated by Tsinghua University of China in 1991. It has
been a premier international conference on heating, ventilating, and air conditioning
(HVAC) in China and has played a significant role in presenting newly found
research results and exchanging ideas among colleagues from academics, research
organizations, and industry in the field. The 11th ISHVAC (ISHVAC 2019) was
held from July 12 to 15, 2019, in Harbin, China, hosted by Harbin Institute of
Technology (HIT), and Prof. Zhaojun Wang from HIT was the president of
ISHVAC 2019.

In developed countries, buildings use 40% of the primary energy, while in
developing countries like China, buildings use one-third of the primary energy.
Thus, energy used in buildings is very significant, and a majority of the energy used
in buildings is by HVAC systems that should create a thermally comfortable and
healthy indoor environment for their occupants. However, the indoor environment
created is far from ideal because of poor design, operation, and occupant inter-
vention. Therefore, ISHVAC 2019 focused on not only HVAC but also indoor
environmental quality, health, thermal comfort, human activities, energy efficiency,
renewable energy, etc. The conference provided a great opportunity to exchange
new ideas and the state-of-the-art sciences and technologies, to identify solutions
for problems in the built environment, and to build partnerships among engineers,
architects, environmental scientists, facility managers, HVAC system manufactur-
ers, and policy-makers.

The themes of this conference include: indoor and outdoor environment; heating,
ventilation, air conditioning, and refrigeration; and building and energy. More than
600 full papers were received, of which 543 were accepted and 407 were included
in the proceedings. There were eight keynote lectures, 15 workshops, 56 parallel
sessions, and one poster session. More than 500 experts and scholars from 20
countries or regions attended the conference, of which more than 80 were foreign
guests. The participation of many internationally renowned experts and scholars has
raised the level of ISHVAC 2019. The conference had the following features:
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• The conference invited prominent Indian and Russian scholars to present in
plenary sessions, and their presentations were of significance to the study of
global climate and energy consumption.

• Many outstanding scholars were invited to organize 15 workshops, focusing on
hot issues including thermal environment and thermal comfort, indoor envi-
ronmental quality, pollutant transmission and control, human behaviors and
building energy consumption simulation, smart heating, evaporative cooling,
and heat pump.

• During the conference, the Asian HVAC Alliance was established. We hope that
the ISHVAC series would become a grand event in the field of HVAC in Asia in
the future, like CLIMA conferences in Europe and ASHRAE conferences in
North America.

We would like to appreciate the international advisory committee and scientific
committee for their hard work and efforts in reviewing papers and providing the
support needed. We would also like to thank the co-organizer Tsinghua University
and co-sponsors such as ASHRAE, Journal of HV&AC, the Chinese Association
of Refrigeration, and the Chinese Committee of Heating, Ventilation and Air
Conditioning (CCHVAC).

Harbin, China Zhaojun Wang
Beijing, China Yingxin Zhu
Harbin, China Fang Wang
Harbin, China Peng Wang
Harbin, China Chao Shen
Harbin, China Jing Liu

Editors of the Proceedings of ISHVAC 2019
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Correlated Thermophysiological
Parameters of Human Body
in the Moderate Thermal Environment
at Sedentary Activity Level

Lijuan Wang, Zefeng Chen and Minzhou Chen

Abstract In this study, the correlation of human physiological parameters to
ambient temperature was evaluated in the temperature range of 21–29 °C. The
physiological parameters investigated herein included mean skin temperature
(MST), heart rate, the ratio of absolute power in low frequency (LF) and high
frequency (HF) bands (LF/HF ratio). The results of ANOVA and R test indicated
that MST was correlated to ambient temperature, while LF/HF ratio was not found
to be correlated at all. Heart rate was a little more correlate to low temperature than
high temperature. The conclusions are significant to select suitable parameters for
human thermal response research in the moderate thermal environment.

Keywords Physiological parameter � Moderate thermal environment � Sedentary
activity � Correlation

1 Introduction

In order to research the indoor thermal comfort, multiple efforts are being devoted
to investigating physiological parameters and their relationship with thermal sen-
sation or ambient temperature conditions. Currently, the following physiological
parameters are tested as objective indexes for human thermal response. Mean skin
temperature (MST) is often measured as an essential physiological parameter
related to thermal comfort [3]. Bin et al. [1] found that under the influence of high
indoor velocity, MST would diverge from the thermal sensation. In that condition,
heart rate variability (HRV) could reflect the human ability of thermal regulation.
Choi et al. [2] reported that high metabolic rate would increase the volume of
circulating blood, thus leading to an improvement in heart rate. Therefore, the heart
rate has a significant relationship with metabolic rate and is usually tested in
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different thermal environments [4]. These studies identified the potential of heart
rate and heart rate variations as indicators for estimating the thermal comfort of
human subjects. However, some other studies did not identify the significant
relationship [6, 9]. Therefore, evaluation of the physiological parameters which are
correlated to ambient temperature and which have the potential of indicating the
human thermal response is highly desirable.

In this paper, MST, heart rate, the ratio of absolute power in low frequency
(LF) and high frequency (HF) bands (LF/HF ratio) are selected. The correlation of
these parameters toward moderate thermal environment was explored by con-
ducting an analysis of variance (ANOVA) and R tests.

2 Methodology

2.1 Test Site

Human subject experiments were conducted in an office. The test site, with the
dimension of 6.5 � 2.5 � 3.4 m3 is located in Xi’an Polytechnic University. The
office was equipped with a table, a chair, a bookshelf, a computer, and an air
conditioning system. During the experiment, the door was kept closed.

2.2 Characteristics of Subject

Human beings at different ages have different thermal responses to the environment.
Thus their physiological responses could be interfered by ages. In order to expel
this disruptive factor, 17 young people (nine males and eight females) in the uni-
versity were recruited as subjects. All the subjects were between the age of 22 and
25 years. Their height, weight, and age are listed in Table 1.

Subjects who might suffer from a skin disease, fever, and disorders, or might be
using skin medicinal products that are known to interfere with the evaluation of skin
physiology were excluded. The subjects were briefed on the procedure of this
experiment, and informed consent was obtained from each participant. They were
also prohibited from performing strenuous exercise, drinking coffee, or drinking
alcoholic beverages 24 h prior to testing. The local skin which was attached to the

Table 1 Information about
the subjects participating in
this experiment

Male Female

Number 9 8

Age (years) 23.4 ± 1.6 23.3 ± 1.9

Height (m) 1.750 ± 0.056 1.624 ± 0.057

Weight (kg) 70.0 ± 7.4 54.1 ± 4.5

2 L. Wang et al.



sensor was cleaned using alcohol. The subjects were required to be in the same type
of clothes. Men wore T-shirts, short trousers, briefs, and sandal, while women wore
T-shirts, short trousers, female briefs, sandal, and bra. The total clothing thermal
resistances for both men and women were 0.32 clo.

2.3 Experimental Procedure

The experiment was carried out in summer, from July 1st to 27th. In consideration
of the acceptance level of subjects, the ambient temperature should neither be too
high nor too low. Therefore, the experimental condition was limited to the moderate
thermal environment. Subjects were required to have meals and the experiment
could not be completed in a short period; therefore, the air temperature was divided
into two groups. One was controlled from 26 to 29 °C, the other was operated from
24 to 21 °C and the temperature increment for each group was 1 °C. The first half
an hour was used for stabilization, and the last half an hour was used for testing. For
each set temperature from 26 to 29 °C, the experiment was performed eight times
with eight different subjects, while for each temperature from 24 to 21 °C, the
experiment was conducted nine times with nine remaining subjects. The calculated
operative temperature, tested air speed (v), and relative humidity (RH) are listed in
Table 2.

2.4 Test Items and Instrumentation

The air temperature, globe temperature, air speed, and RH in the test field were
measured using a thermal comfort meter MI6401. The location of measurements
was in the occupied zone. According to ASHRAE 55. Human skin temperature
includes LST and MST. LST refers to the skin temperature in the hand, arm, face,
trunk, thigh, leg and foot. It can be measured directly by using an instrument. MST

Table 2 Environmental parameters in the experiment

Group t0 (°C) Time (h) v (m s−1) RH (%)

1 (Increasing order of temperature) 26 ± 0.80 1 <0.1 51 ± 3.86

27 ± 0.45 2

28 ± 0.66 3

29 ± 0.51 4

2 (Decreasing order of temperature) 24 ± 0.67 1 <0.1 47 ± 4.6

23 ± 0.75 2

22 ± 0.70 3

21 ± 0.79 4
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