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TECHNICAL ARTICLE

Measurement and Analysis of the Thermal Insulation
Effect of the Transition Space of a Building Veranda in
the Hot Summer and Cold Winter Zone

Yanyan Huang and Weichang Liu

The thermal environment of a building plays a direct role in the energy consumption of the building.
Veranda, considered as a common element of a building in a hot summer and very cold zone, connects
indoor and outdoor spaces and provides a transitional space for the building. It has certain influences on
the thermal environment of the use space. In this paper, a veranda on the east side of a building in Wuhan,
China is taken as the research subject, and the thermal data of indoor and outdoor settings are col-
lected through a network of field sensors. The thermal characteristics of the transitional space are then
studied, and the thermal insulation effects of the veranda is comprehensively investigated. The statistical
results show that the veranda has a good thermal insulation effect in summer, and the reasonable design
of transitional space is instrumental to the improvement of thermal environment and the reduction of

building energy consumption.
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1. Introduction

In recent years, energy savings and building climate
adaptability have become the focus of attention to build-
ing energy conservation. As people’s living conditions
increase, more demand is imposed on how to make
buildings more adaptable to human needs through
architectural design, especially the design of building
exteriors and the selection of exterior materials. Inap-
propriate exterior design may lead to a building with
rooms constant humid, unventilated, and/or cold during
winter time. Such design requires more energy from air
conditioning devices in order to improve the interior com-
fortableness of buildings.

Building climate adaptability is closely related to energy
savings. A sustainable and green building should be
responsive to its local weather conditions (such as natural
winds and their prevailing directions, sun lights, and other
climate elements). In addition, the building should be
built with adaptive materials, reasonable building forms,
and efficient space arrangement. As such, the building can
be effective in transforming natural energy into the one
for the comfortableness of building residents and thus
reducing the use of carbon-based energy.

Recent research efforts have been aimed at the relation-
ships among building exteriors, climate adaptability, and
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energy savings. For example, Shu developed a concept
of weather-adaptable covers for building exteriors and
applied this concept in his case studies of buildings within
the Su-Zhou region of China (Shu 2013, 2018). He synthe-
sized and classified the cover types within the studied
region by the building’s adaptability to local weather con-
ditions. Tang and his colleagues did a field test on the heat-
transfer performance of various exterior covers within
the southern region of China (Tang and Qian 2001). He
further extended Shu'’s concept by adding an additional
cover, that is, eco-cover for a building. This eco-cover is a
vegetation layer outside of the exterior of a building. It dis-
solves the radiation of sun lights and blocks energy going
into the building. Huang and her colleagues did a field
test on double exterior covers of a building within a hot
region of China and provided an insightful analysis on the
heat-transfer performance of the double covers (Huang et
al. 2014; Huang and Zhang 2018). Their analysis results
show that the double covers of the building have good
performance of heat insulation in summer. Their study
concluded that building form and space design are critical
to the improvement of a building’s thermal environment,
energy conservation and emission reduction.

Research efforts have been also concentrated on
the use of transitional spaces to improve the inner cir-
culation of heat within a building. For example, Li of
Tsinghua University, China has made an in-depth study
on the transitional space of buildings (Li 2015; Li and
Xia 2019). He proposed that the transitional space of a
building is between the external environment and the
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interior environment of the building, and is the connec-
tion between the external environment and the interior
environment. The transitional space acts as a function of
linking building residents to the outside surroundings of
the building. The transitional space in his research was
considered as a supplemental space to reduce the energy
consumption during the operation of the building and
optimize the comfort of the indoor environment.

Li conducted a set of field tests on inner heat circula-
tion of transitional spaces within hospitals in the north-
ern region of China and concluded that the insulation
performance of the hospital buildings is poor. He further
studied the buildings through the theoretical and simu-
lation models he developed and proposed strategies on
how to use transitional spaces for the insulation of build-
ings in a cold region (Li 2018). Hou and Zhang of Tianjin
University, China analyzed the atrium with different cli-
mate and energy factors, and summarized the energy-sav-
ing design strategy of atrium space from the perspective of
using transitional spaces to achieve the goal of high com-
fort and low energy consumption (Hou et al. 2016). Chen
and Fang also did similar research work on thermal insula-
tion performance and design (Chen et al. 2019; Fang 2019).

All the above research efforts have addressed the issues
related to the adaptability of buildings in either cold
winter or hot summer region. Few research studies have
dealt with build adaptability within hot summer and cold
winter regions. This paper aims at the thermal insula-
tion performance of transitional space (or veranda) in a
hot summer and cold winter zone. A building associated
with the Low Carbon City and Green Building Research
Center of Hubei University of Technology, China was

selected as a case building. The veranda on its east side
was anchored with a set of sensors. The temporal changes
of thermal characteristics of the building were monitored
and recorded. The insulation effect of the veranda (as the
transitional space of the building) was analyzed and the
factors influencing the thermal insulation were identified.

The contribution of this paper is that the thermal
insulation performance of transitional space (veranda
in this paper) in a hot summer and cold winter zone is
measured and analyzed. This research provides a data-
driven approach in understanding the thermal impacts of
veranda on a building during the summer time. The analy-
sis of the thermal impacts during the cold winter time will
be addressed in a separate paper.

This paper is structured as follows. Section two pro-
vides a brief description of the case building selected for
the study. This section also highlights the sensors used
in the indoor and outdoor of the building for monitor-
ing the thermal changes due to the transitional space or
the veranda. Section three presents the statistical analy-
ses of the thermal insulation performance of the veranda.
The last section concludes the paper by summarizing the
research findings of this study.

2. Testing Building and Data Collection

2.1. Testing Building

The selected building (with its latitude of 29°58'~31°22’
North and its longitude of 113°41'~115°05' East), located
in Wuhan, Hubei Province, China, is in the hot sum-
mer and cold winter zone. The building, as shown in
Figure 1, has four floors in total. The building is shaped
of a rectangle with the short north-south side and the

C

Figure 1: a) East of the building b) West of the building c) Eastern veranda d) Conference Room.
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long east-east side. Each floor on the east side has a 4.8
m-wide transitional space (or veranda), which connects to
and is perpendicular to the adjacent buildings. No shelter
exists outside the east wall of the building. In summer,
the solar radiation is strong. The west wall is close to the
green vegetation with Metasequoia species. The Metase-
quoia plants are higher than the building. In summer, the
branches and leaves are luxuriant, which offers a shield
against sun lights.

The conference room on the third floor was used to
install testing sensors for the research project. The confer-
ence room has a bay of 15 m in width and 8 m in depth.
The east wall of this bay is provided with a long set of
horizontal stripe windows. The opposite middle partition
wall is provided with high horizontal stripe windows for
daylighting, and the west wall is provided with six long
vertical windows.

The research team collected the data continuously from
the testing sensors from August 3, 2017 to August 9,
2017. These seven days are hottest days in a year within a
hot summer and cold winter zone. Considering the same
trends of testing data for all seven days, the research team

decided to have a detailed analysis on the testing data
collected only on August 6, 2017. During that sunny day,
the sun moving profile and the solar incident angle (or
the angle between the solar rays and the normal of the
window surface) are shown in Figure 2.

2.2. Testing Devices

There are three different types of testing devices acquired
for this research. The hot-wire anemometer was employed
to measure air temperature and moisture, the button type
temperature recorder, pasted on the testing surface, was
used to measure the temperature of wall or glass sur-
face, while the infrared thermal camera was used to take
infrared thermal pictures of wall surface. The information
about testing devices can be shown in Table 1.

2.3. Testing Network

Two groups of measuring points (with 12 points in total)
were arranged for this research project. One group con-
sisted of the air temperature measuring points (No. 1-4).
These measuring points were installed 1.5 m above the
ground. The other group contained the surface tempera-

12:00 Solar noon

Sunrise
a

Figure 2: a) The solar apparent motion track b) The solar incident angle.

Table 1: Information about testing devices.

Device Name and Model Device pictures Measuring Accuracy Resolution Recording
range Interval
Hot-wire anemometer (TES1340) -20°C~+60°C  £0.5°C 0.1°C Every 5
+3%RH minutes
Button type temperature —40°C~+85°C +1°C 05°C Every 5
recorder(DS1921G) minutes
Infrared thermal camera —20°C~+550°C  £2°C 0.08°C Every 5
(FLUKE-TIS75) minutes
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ture measuring points anchored on the wall and win-
dow (No. A-F, a—f). The testing network can be shown
in Figure 3, while the description of the devices for the
network is provided in Table 2.

3. Statistical Analysis of Testing Data

3.1. Analysis of Air temperatures

As can be seen from Figure 4, the air temperatures out-
side the east wall are always in a relatively high range

before 5:30 PM. (or 17:30), while the air temperatures in
the conference room are almost all at the lowest level. Sec-
ondly, the air temperatures outside the east wall fluctuate
the most violently, while the air temperatures outside the
veranda, the air temperatures inside the conference room
and outside the west wall fluctuate in a small range, but
are relatively gentle as a whole, which indicates that the
air temperature inside the veranda and the conference
room is very little influenced by the external environment
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Figure 3: Schematic diagram of the testing network.

Table 2: Setting details of the testing network.

Number Position Testing Devices Contents

1 Outside the west wall hot-wire anemometer Air tern perat ure

2 Veranda hot-wire anemometer Air tern perat ure

3 Conference Room hot-wire anemometer Air tern perat ure

4 Outside the west wall hot-wire anemometer Air tern perat ure

A/a External surface of East wall/East window  Button type temperature recorder ~Surface temperature

B/b Inner surface of East wall/East window Button type temperature recorder  Surface temperature

C/c External surface of partition wall/partition ~ Button type temperature recorder ~Surface temperature
window

D/d Inner surface of partition wall/partition Button type temperature recorder Surface temperature
window

E/e Inner surface of West wall/West window Button type temperature recorder  Surface temperature

F/f External surface of West wall/West window  Button type temperature recorder ~Surface temperature
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Figure 4: Comparisons of air temperature curves of each measuring point.
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Figure 5: Average temperature change curve of each measuring point.

of the building. As the solar incident angle increases and
the solar rays intensifies, the air temperature outside the
east wall continues to rise after 8:00 A.M. and reaches at
the peak value of 43°C at 10:00 A.M. At this time, the dif-
ference between the east wall and the veranda is 8 °C, and
the air temperature difference between the east wall and
the indoor air temperature is 10.4°C. As the solar incident
angle changes and the solar rays sometimes are blocked
by clouds, the air temperature continues to decline. The
air temperature of the veranda reaches at a peak value
of 36°C at 11:30 AM. and then remains stable although
it declines slightly. Passing the noon of the day, the sun
starts moving to the west. The west wall gets more solar
benefits. The peak value of the air temperature outside the
west wall appears at 2:00 PM., which is 35.8°C, and then
it is stable. It can be seen that the air temperature out-
side the west wall in the afternoon is still lower than that
outside the east wall due to the sun exposure. This is the
contribution from the vegetation on the west wall which
has some influence (or shielding the solar radiation) on

the stability of the air temperature outside the west wall.
After 7:00 P.M,, the difference of air temperature outside
the east wall, outside the veranda, and outside the west
wall is not large.

Figures 5 and 6 provide the comparisons of the aver-
age air temperature and the average humidity of each
measuring point from 8:00 A.M. to 6:00 P.M. Figure 5 also
shows that the average air temperature outside the east
wall > the average air temperature of the veranda > the
average air temperature of the interior, which means that
the gradual decreasing trend of the air temperature of the
building from the outside to the inside. This finding also
indicates that the veranda space has a certain buffering
effect on the heat transmission and plays a certain role in
blocking heats.

Air humidity is also an important factor impacting peo-
ple’s comfort. In summer, the humidity that makes people
feel comfortable is about 50%—65%. This conclusion was
made by Professor Youguo Qin from Tsinghua University,
China after his numerous studies on thermal impacts on



Art. 3, page6 of 9

Huang and Liu: Measurement and Analysis of the Thermal Insulation Effect of the Transition

Space of a Building Veranda in the Hot Summer and Cold Winter Zone

68.0
66.0
}64.0
£62.0
560.0
=58.0
556.0
254.0

52.0

50.0 '

Measuring point

Figure 6: Average humidity change curve of each measuring point.

Figure 7: Comparison of the change curves of the surface te

people (Liu and Qin 2015). Figure 6 shows that the aver-
age humidity outside the east wall, in the veranda, and in
the conference room are all within this range. However,
due to the influences of dense vegetation outside the west
wall, the air humidity exceeds the maximum comfort.
Although the vegetation has the effects of shielding the
solar radiation, it may also have a little negative impact on
the indoor environment.

3.2. Analysis of surface temperatures

As shown in Figure 7, the air temperatures outside the
east wall and the external surface of the east wall are
compared. It can be found that the surface temperature
is much higher than the air temperature outside the east
wall before noon, and the temperature difference even
reaches at 13.8°C at 10:30 A.M. This is due to the external
surface of the wall which is directly exposed to the sun
and absorbs a lot of solar radiation.
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mperature and air temperature of the east and west walls.

The study also finds that the time when the external
air temperature outside the east wall reaches at the peak
value is not the same as the time when the external sur-
face temperature of the east wall. Therefore, the air tem-
perature reaches its peak at 10:00 A.M., while the external
surface temperature reaches its peak at 10:30 A.M., which
is delayed for half hour. The temperatures of the west
wall surface and the air also demonstrate the same trend,
which indicates that the absorption of solar radiation on
the external surface of the building is a gradual process
and this process is not synchronous with the change of air
temperature (outside the building) at any time. When we
compare with the surface temperatures of the east wall
and the west wall, the surface temperature of the east wall
that keeps cooling after the peak value tends to be close
to the surface temperature of the west wall that keeps
warming due to the west sun exposure. However, the
surface temperature of the west wall is always lower than
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the surface of the east wall, and the intersection occurs at
5:30 PM., which is due to the sheltering effect of the west
vegetation on the solar radiation.

It can be seen from Figure 8 that the surface tempera-
tures outside the east window and the inner surface tem-
perature fluctuate greatly and this fluctuating trend is
relatively close. The temperature difference between the
inner and outer surfaces does not change much during
the test period and its maximum temperature difference
is 5.5°C. After 11:30 AM,, the temperature of the inner
surface of the window begins to be higher than that of the
outer surface. On the contrary, the temperature difference
between the inner and outer surfaces of the east wall is
huge before 12:00, with the maximum temperature dif-
ference reaching at 20°C. The temperature change curve

of the inner surface of the wall is relatively gentle, and is
not much controlled by the external surface temperature
of the wall. In addition, when we compare the external
surface temperature of the east wall with the surface
temperature of the east window, it is found that their
temperature change curves are very close, and the curves
overlap in many places, which shows that the surface heat
absorption capacity of the wall and the glass is not much
different. However, the heat insulation effect of the wall is
better than that of the glass.

3.3. Analysis of infrared thermogram

Figure 9 clearly shows the intensity of infrared radiation
(i.e. temperature) in different parts of the outer surface
of the east and west walls. It can be seen from Figure 9a
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Figure 9: a) Infrared thermal image of the outer surface of the east wall b) Real shot of the outer surface of the east wall
at the same angle c) Infrared thermal image of the external surface of the west wall d) Real shot of the outer surface

of the west wall at the same angle.
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that the temperature of aluminum alloy window frame is
much higher than the surface temperature of glass and
wall. This is due to the heat absorption capacity (specific
heat capacity) of aluminum alloy which is greater than that
of glass and ceramic tile; in addition, it is found that the
surface temperature of the long horizontal strip windows
is higher than the surface temperature of the upper and
lower independent windows. This is due to the horizontal
strip windows which have a wider solar radiation contact
surface. Unlike the independent windows, the horizontal
stripe windows conduct or transfer less heat to the wall.
Therefore, the window layout and the window frame
material of the building facade are also the factors to be
considered in the energy-saving design of the building.
When we compare Figure 9a and Figure 9c, it is obvi-
ous that the surface temperature of the west wall is lower
than that of the east wall, especially in the area where the
vegetation shadow exists. The effect of vegetation on the
microclimate outside the west wall is not only to block the
solar radiation, but also to absorb part of the heat of the
surrounding environment. In doing so, the vegetation can
reduce the overall environmental temperature.

4. Conclusions and Future Research

Through the comprehensive comparisons and analyses
of the measured data, the following conclusions can be
obtained:

1) It is found that the building is located in an un-
balanced microclimate environment, and the air
temperature and humidity in each direction are
different. Therefore, in the energy-saving design of
adaptive climate buildings, this feature needs to be
considered, and different building facades should
be treated accordingly, so as to increase the energy-
saving effect of buildings.

2) The average air temperature outside the east wall
of the testing building is 4.7°C higher than the av-
erage indoor air temperature, and the maximum
temperature difference reaches at 10.2°C. Such
difference is very noticeable to people. It can be
seen that in the hot summer and cold winter zone,
the transitional space (or the building’s veranda)
has a significant heat insulation effect in the hot
summer, which has a certain role in adjusting the
indoor air temperature.

3) Dense and tall vegetation has obvious effect on
adjusting the microclimate inside and outside the
building. In hot summer and cold winter zones,
planting appropriate vegetation outside the
building can not only solve the problem of sun
exposure, but also beautify the landscape.

The thermal environment of a building plays a direct role
in the energy consumption of the building. This paper
only studied a veranda (a special transitional space of a

building) in a hot summer and very cold zone. The thermal
characteristics of the transitional space and the thermal
insulation effects of the investigated veranda show that
the veranda could be a good design element which can
be instrumental to the improvement of thermal environ-
ment and the reduction of building energy consumption.
In the future, more verandas are suggested to be stud-
ied and more testing data relevant to thermal insulation
effects of verandas should be investigated and compared.
Additionally, more research should be also placed onto
other types of transitional spaces.
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