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Abstract: An experimental study of the thermal characteristics
of an existing office building with double skin facade ( DSF)
were conducted in hot summer daytime in Nanjing, China.
The temperature distributions of the DSF and indoor
environment were measured at different control modes of
DSF. The results show that the energy consumption of the air
conditioning system in room B with opened exterior vents, a
closed interior facade, and an air cavity with shading was
21.0% less than that in room A with closed exterior vents, a
closed interior facade, and air cavity without shading in 9.5
h. The temperature distributions of the DSF and indoor
environment in both horizontal and vertical directions were
decisively influenced by shading conditions. The usage of
shading devices strengthens the stack effect on the air cavity.
Compared to room A, the temperature distribution in room B
is more uniform with smaller fluctuations. Meanwhile, the
problem of overheating in the air cavity of the DSF is still
present in all tested conditions.
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he thermal characteristics of a double skin facade

(DSF) varies in different locations and climate con-
ditions.
tive methods to explore the correlation between thermal
properties and different climate and usage conditions.
Field experiments are the important basis for optimizing
operation strategies, modifying model tests and numerical
simulation'". Hashemi et al. ' monitored the DSF build-
ing in the hot and dry climate zone in Iran for two weeks

Model tests and numerical simulation are effec-

during the winter and summer seasons.
al [3-4]

Mingotti et
experimented on the energy consumption potential
of DSF.

DSF buildings are challenged by the conflicts in the hot
summer and cold winter zones in China. Wang et al. "
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pointed out that most of the existing buildings in hot sum-
mer and cold winter zones were overwhelmed by the con-
ditions of poor heat insulation performance in hot summer
and poor cold resistance performance in cold winter. The
discrepancy between existing DSF buildings and weather
was due to the lack of field test data of thermal perform-
ance regarding existing DSF buildings". Shameri et
al. """ pointed out the energy saving potential of DSF
buildings with proper control strategies.

This study focuses on the field experiments of energy
consumption and thermal performance of an in-use office
building with DSF in summer conditions in Nanjing.
Nanjing is a typical city of a hot summer and cold winter
zone, which is located at longitude east of 118°48" and
the northern latitude of 32°00’. Experiments were con-
ducted in order to investigate the following: the tempera-
ture distributions of DSF and the indoor environment in
horizontal and vertical directions under different operating
strategies of DSF on a hot sunny summer day and the en-
ergy saving potential for DSF with a proper operation
strategy.

1 Methodologies

The surveyed building was put into use in 2007 in Nan-
jing, China. It has 19 floors above ground and is oriented
34° northeast. The facade from the fifth floor to the eigh-
teenth floor is a double skin glazed fagade of box-window
type with an air cavity of 530 mm. Shading devices of
the DSF are electric aluminum alloy blinds in the air cavi-
ty and are close to the exterior fagade.
facade of DSF is fixed and composed of single ferrules of
10 mm thickness while the interior facade is composed of

The exterior

insulating glass 6 + 12A + 6 with a low-e coating outside.
Ventilation can be achieved by the opening of the interior
facade and vents in the exterior fagade. Each floor is con-
ditioned by two individual VRV systems and one fresh air
conditioning system powered by electricity. Two offices
A and B with DSF on adjacent floors facing southwest of
the same size and function were chosen for conducting the
experiments on the longest sunning duration of southwest
orientation in summer.

The temperature measuring points are shown in Fig. 1.
Each measuring point is named as XY, where X means the
vertical direction (¢ means the height of 0.3 m to the
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ground; b means the height of 1.1 m to the ground; a
means the height of 2. 5 m to the ground) and Y means
the horizontal direction (1 means the inside surface of the
exterior facade; 2 means the middle of the air cavity; 3
means the outside surface of the interior facade; 4 means
the inside surface of the interior facade; 5 means the
place with a 0.5 m distance to the inside surface of the
interior fagade; 6 means the place with a 1 m distance to
the inside surface of the interior facade; 7 means the
place with a 2 m distance to the inside surface of the inte-
rior facade; 8 means the place with a 4 m distance to the
inside surface of the interior facade; o means the outside
environment). Each temperature was recorded by two
thermocouples of T-typed (¢ 0.254 mm) at an interval of
10 s. Meteorological data was taken from the weather sta-
tion Vantage Pro2 Plus. The temperature of each layer of
DSF was named as ¢, t,, t,, t,. For example, ¢, is the
average temperature of ¢, f,, and t,. f, is the typical
temperature of the indoor environment, which is the aver-
age temperature of ¢, 7, and 7.
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Fig.1 Distribution of temperature measuring points (unit: mm)

Preliminary experiments indicated that the best condi-
tion in hot summer sunny daytime for DSF in Nanjing
was with opened exterior vents, a closed interior facade
and an air cavity with shading while the worst condition
was with closed exterior vents, a closed interior facade
and air cavity without shading. So in this paper, one con-
trast experiment was provided to evaluate the energy sav-
ing effect and thermal characteristics of the DSF under the
best condition and the worst condition. Tab. 1 presents
the schedule of measurements. The experiment was per-
formed from 8:00 to 17:30 on 25th July. The opened ex-
terior windows meant that all the vents of the exterior
facade were opened fully. The closed interior facade
means that all the windows of the interior facade were
completely enclosed. Air conditioning systems were in
operation during the experiments and the indoor environ-
ment temperature was set to be 26 C. 95% of the testing

Tab.1 Schedule of measurements

Room A Room B
Exterior Interior . Exterior Interior .
. Blinds K Blinds
vents windows vents windows
Closed Closed No Opened Closed Yes

iy 8
error was within 7.6% "'

2 Results and Discussion

The temperature distribution of DSF in horizontal direc-
tion from outside to inside varies under different condi-
tions (see Fig.2). The temperature distribution of DSF in
room A is 1,(38.9 C) >£,(38.0 C) >¢,(37.3 C) >1,
(30.6 C) >+,(26.3 C) while the temperature distribu-
tion of room B is #,(37.4 C) >1,(34.4 C) >1,(33.5
T) >1,(28.3 C) >1,(25.9 C) (The data in brackets is
With
closed interior windows and the usage of blinds in room
B, the highest temperature decrease of the air cavity and
outside surface of the interior facade reaches 4.5 C. The
average temperature difference between the indoor air
temperature ¢, and inside surface of the interior fagade ¢,
of room B is 2.4 C while that of room A is 4.3 T.
With the decrease in temperature difference between ¢, and

the average temperature from 8: 00 to 17: 30).

t,, indoor environmental comfort can be improved.
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Fig.2 Temperature distribution of DSF in horizontal direction.
(a) Room A; (b) Room B

It can be seen that shading is the decisive factor in the
temperature distribution of DSF in a horizontal direction
(see Fig.2). With shading, the instantaneous tempera-
ture of the inside surface of exterior fagade is the highest.
Without shading, the instantaneous temperature of the
outside surface of the interior facade is the highest. Shad-
ing can decrease the instantaneous temperatures of the air
cavity, the outside surface of the interior fagcade, the in-
side surface of the interior facade and indoor air; but it is
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ineffective at affecting the temperature decrease of the in-
side surface temperature of the exterior facade. That is
because shading rejects solar radiation effectively.

Figs. 3 and 4 supply the temperature distributions of
DSF in a vertical direction of both room A and room B.
From Figs. 3(a) to (d), the temperature of the inside

surface of the interior fagcade and outside surface of the
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Fig.3 Temperature distribution of DSF in vertical direction of
room A. (a) Inside surface of exterior facade; (b) Air cavity; (c)
Outside surface of interior facade; (d) Inside surface of interior facade
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Fig.4 Temperature distribution of DSF in vertical direction of
room B. (a) Inside surface of exterior facade; (b) Air cavity; (c)
Outside surface of interior facade; (d) Inside surface of interior facade

interior facade of room A decreases with the increasing
distance from the ground. The vertical temperature differ-
ence of each layer of DSF of room B can be seen in Figs.
4(a) to (d). The temperature of each layer of DSF in
room B increases with the increasing distance from the
ground. The instantaneous vertical temperature difference
of the air cavity of room B reaches the highest tempera-
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ture of 2.5 C. The stack effect can be clearly found in
the air cavity of room B.

Figs. 5 and 6 supply the temperature distributions of the
indoor environment in horizontal and vertical directions,
respectively. The horizontal temperature distributions of
room A change dramatically (see Fig.5). The average
indoor temperature of room A with a distance of 0.5 m to
the inside surface of the interior fagade is 27.7 C, while
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Fig.5 Temperature distribution of indoor environment in hori-
zontal direction. (a) Room A; (b) Room B
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Fig. 6 Temperature distribution of indoor environment in verti-
cal direction. (a) Room A; (b) Room B

the temperature with distances of 1, 2, and 4 m to the in-
side surface of the interior fagade approximates 25.7 C.
Comparatively, the temperature distributions of room B
with the increasing distance to DSF are basically uniform
(see Fig. 6). This illustrates that the working conditions
of room B is helpful for increasing the uniformity of the
indoor temperature distribution in a horizontal direction.
Vertical temperature differences are found in the indoor
air of both room A and room B at the distance of 2 m to
DSF (see Figs.6(a) and (b). The maximum instantane-
ous vertical temperature difference of room A is 1.4 C
higher than that of room B (0.8 ).

Shading influences the vertical temperature difference
significantly. Although the ventilation mode with opened
exterior vents and a closed interior facade is helpful for
decreasing the temperature of the inside surface of the ex-
terior facade, the air cavity and the outside surface of the
interior facade, especially for the air cavity; it is power-
less in the temperature decrease of indoor air and the in-
side surface of the interior fagade.

Form 8:00 to 17: 30, the cumulative power consump-
tion of the air conditioning system in room A is 54. 6
kW - h while that in room B is 43.2 kW - h. The cumu-
lative air conditioning system energy consumption of
room B is 21. 0% less than that of room A in 9.5 h.
When the indoor air temperature is set to be 26 ‘C in the
air conditioning system, the accurate average indoor air
temperature of room A is 26.3 C while that of room B is
25.9 C. The overheating problem of the air cavity in
both room A and room B still exists, regardless of the
working condition of DSF. The average temperature of
the air cavity in both tested rooms is higher than the aver-
age temperature of the whole DSF, the average tempera-
ture of the indoor environment and the average tempera-
ture of the outdoor environment during testing time.

3 Conclusions

With the field experiments on an existing DSF building
on a hot sunny summer day in Nanjing, the key findings
are as follows:

1) Shading is the decisive factor in the temperature dis-
tribution of DSF and the indoor environment in both hori-
zontal and vertical directions. The stack effect on the air
cavity is significant when shading devices are used in
DSF.

2) For the working conditions of DSF with open exteri-
or vents, closed interior fagcade, and an air cavity with
shading, the indoor temperature distribution is more
uniform with smaller fluctuations in both horizontal and
vertical directions compared to that for working conditions
with opened vents on the exterior facade and a closed in-
terior facade and without shading.

3) In hot summer and cold winter zones in China,
DSF with opened exterior vents, a closed interior fagade,
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and an air cavity with shading is the optimal open condi-
tion which saves 21. 0% energy consumption of the air
conditioning system in 9.5 h compared to a DSF with
closed exterior vents, a closed interior facade, and an air
cavity without shading in hot sunny daytime.

4) The overheating problem of the air cavity still per-
sists even with the combination of shading and ventila-
tion.
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