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Abstract

Thermal comfort can be defined as a state of mind which a human feels neither too hot nor too cold.
Thermal discomfort in the case of hot humid climates, becomes a great threat to our livelihood and
thermal comfort in offices in general. The ability of designers to harness and use the building envelope
make life much better and livable is of great importance. This research seeks to use Double skin fagade
as a strategy for improving indoor thermal comfort by testing the air gap between the double skins.
Climate and Weather readings were obtained and used to simulate and check the effect of Double skin
fagade in improving indoor thermal comfort in office complex. Double skin facade has been suggested
by many researchers as a possible alternative technique for improving indoor thermal comfort. The
double skin facade study in this research involved computer simulation using Emissions Control
Optimization TEChnology (ECOTEC). The result of the final base case model shows that double skin
fagade can increase the indoor thermal comfort in a building and the wider the air gap, the higher the
thermal comfort by showing the hours of comfort and discomfort to the simulated office building. The
other important factor is that it can continuously induce the flow of natural ventilation, regardless of
the available wind outside of the office complex building. This effect is significant toward improving the
thermal comfort performance in the office complex through passive natural ventilation.
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INTRODUCTION

It is very important for architects and engineers to put into consideration comfort, health and
well-being of the occupants while designing buildings. American Society for Heating,
Refrigerating and Air Conditioning Engineers (ASHRAE), defined thermal comfort as “the
condition of the mind in which satisfaction is expressed with the thermal environment” . Thus positive
comfort conditions are those that do not distract by causing unpleasant sensations of
temperature and humidity while in negative terms, it’s a state in which we are not conscious
of being too hot or too cold (Garba, 2015).
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The definition of thermal comfort leaves open as to what is meant by condition of the mind or
satisfaction, but it correctly emphasizes that the judgment of comfort is a cognitive process
involving many inputs influenced by physical, physiological, psychological, and other factors.
Khadijah 2016, opined that temperature, humidity and wind speed are the challenge-able
variables of thermal comfort in a given area.

Comfort index simply means that during those hours which fall under comfortable class,
temperature, humidity and wind speed conditions are optimum for people to carry out light
tomoderate physical activities without the constraints of weather (Mohan et al, 2014). In other
words, under the temperature conditions requisite for “comfortable” office, one feels
naturally comfortable without the aid of any anthropogenic support system (Mohan et al,
2014).

Studies have shown that employee satisfaction with the thermal comfort of their workplace
plays a significant role in both employee retention and productivity. One study even revealed
that employees consider workplace comfort second only to compensation in terms of benefits
(American Society of Interior Designers, 2016).

According to Building Owners and Managers Association (BOMA, 2017) building class
definitions categorize office buildings as Class A, which are the most prestigious office
complex in the best locations (BOMA, 2017). Class B are slightly older buildings
with good management and quality tenants. Class B office buildings
commonly have an acceptable curtain wall finish, adequate
mechanical, electrical and safety and security systems, and a mid-quality level of interior
finish. Class C have less desirable architecture, limited infrastructure and antiquated
technology define these buildings. These buildings attract tenants who sign short-term leases
for functional space below average rental rates (BOMA, 2017).

A double-skin facade (DSF) is a building typology consisting of two skins (a glazed outer layer
and either a glazed or mixed inner layer) placed in such a way that air flows in the
intermediate cavity (Poirazis, 2014). The cavity air ventilation (either natural or mechanical)
is used for evacuating the radiated heat absorbed by the facade elements. The outer glazed
skin can be single or double glazing units with a distance from 20 cm up to 2 m from the inner
skin. Sometimes, for radiation protection, solar shading devices are placed inside the cavity.

The most common way of categorization is according to the type (geometry) of the cavity, the
partitioning type, the multi-storey type, corridor facade, box-window type and shaft box type.
Ali baba, (2011) put that partitioning type are composed of two transparent surfaces which
are partitioned by a cavity and need for cooling during summer or heating during winter can
be decreased by utilizing additional skin.

METHODOLOGY

Research design

This study adopts an experimental approach as means to finding answers to its research aim
and objectives.

Dependent and independent variables

The dependent variable is thermal comfort, thermal comfort is measured in terms of indoor
dry bulb air temperature, indoor relative humidity, solar radiation, and air velocity Nicol,
Hunphreys, & Roaf, (2012). The independent variables that will be studied are double skin
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facade variables. Double skin facade variables are ventilation mode, partition type and
ventilation of the cavity mode. These variables will be studied as part of the process of creating
a suitable base case model on which to test the performance of dependent variables which are:
radiation, air temperature, relative humidity, and air velocity. The weather data (Kano
weather information/data) used in the simulation are obtained from the Nigeria
meteorological agency at www.nimet.gov.ng

Development of the base case model.

Plate 1 shows the base case which is a 3.6 m by 4.5 m office space of 10 floors including the
ground floor with a height of 3 m between the floor and ceiling, 150 mm monolithic concrete
floors and a decked roof. The double skin wall (DSF) is applied in this study to help improve
indoor thermal comfort of the building interior. The external double glass walling materials
are alternated for each case and all other parameters are kept constant. The total hours of
discomfort are predicted from the simulations.

Platel: the base case model (Source: Ecotect 2018)
Walling setup
The double skin wall is made of 6mm standard glass on both faces of a fabricated steel and
aluminium frame with a 75mm air gap, 150mm air gap and 225mm air gap. The total widths
are 87mm, 162mm and 237mm. The thermal properties of these walling setups will be
calculated using the simulation software, Ecotect and the results will be used in subsequent
simulation to find the comfort levels in the interior.

OUTSIDE
INSIDE
OUTSIDE
INSIDE
QUTSIDE
INSIDE

75 mm air gap 150 mm air gap 225 mm air gap

Figure 1: showing the different walling set up

RESULTS
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Thermal properties,

Table 1 shows the thermal properties calculated for 75 mm air gap setup, 150 mm air gap
setup and the 225 mm air gap setup. The table shows that the 225 mm air gap set up has the
best thermal property as a result of its low u-value and admittance and solar absorption.

Table 1 Thermal properties of the walls used

75mm Air gap 150mm Air gap 225mm Air gap
U-value 2.710 1.720 1.200
(w/m2.K)
Thermal Admittance (w/m2.K) 0.840 0.880 0.960
Solar Absorption (0-1) 0.251 0.237 0.195
Visible transmittance (0-1) 0 0 0
Thermal Decrement (0-1) 0.06 0.21 0.47
Thermal Lag (hrs) 0.42 0.75 1.16
Emissivity 0.9 0.9 0.9

Base case model 75mm air gap

Figures 2a, 2b, 2c and 2d shows the results from the simulation using the 75mm air gap walls
with 754 discomfort hours, 736 discomfort hours, 722 discomfort hours, 630 discomfort hours
out of 3244 operational hours in a year respectively. The month of May tends to have the
highest discomfort hours while there is relatively no discomfort in January, February, August,
September, November and December, as months have a relatively low average temperature
and thus the predicted temperature will fall within the comfort bands.

Figure 2a: Ground floor Figure 2b: First floor and Second floor

Figure 2c: Third floor to Seventh floor Figure 2d: Eight floor to Ninth floor

The results from simulation predicts that temperature increases are negligible at heights above
10 meters above ground level as the air temperature at this height remains almost the same.
Also the results from simulation predicts that air temperature increases more rapidly at
heights above 24 meters above the ground level and thus increasing the hours in which the
temperature falls outside the comfort bands.

150mm air gap walls
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The results from the simulation shows 730 discomfort for the ground floor in figure 3a, 613
hours of discomfort for the first floor and second floor in figure 3b while figure 3c and 3d
shows 591 and 565 hours of discomfort respectively out of the 3244 operational hours in a
year. The highest number of discomfort hours is predicted to be in May and no discomfort in
January, February, August, September, November and December.

Figure 3a: Ground floor Figure 3b: First floor to Second floor

EIGHT TO NINTH FLOOR TOTAL DISCOMFORT HOURS

Period

Figure 3c: Third floor to Seventh floor Figure 3d: Eight floor to Ninth floor

The results from simulation predicts that temperature increases are negligible at heights above
10 meters above ground level as the air temperature at this height remains almost the same
from the third to the seventh floor. Also, it shows that air temperature increases more rapidly
at heights above 24 meters above the ground level and thus increasing the hours in which the
temperature falls outside the comfort bands.

225mm air gap wall

A total of discomfort hours of 603 was recorded after the simulation for the ground floor, 556
hours for the first and second floors, 550 hours for third to seventh floors and 540 hours for
the eighth and ninth floors respectively. The highest number of discomfort hours is predicted
to be in May and no discomfort in January, February, August, September, November and
December. It is predicted that there will be no discomfort in these months as the months have
low average temperature and thus the predicted temperature will fall within the comfort
bands.
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Figure 5a: Ground floor Figure 5b: First floor to Second floor

THIRD TO SEVENTH FLOOR TOTAL DISCOMFORT HOURS

ss0 EIGHT TO NINTH FLOOR TOTAL DISCOMFORT (HOURS)

198

pppppp

Figure 5c: Third floor to Seventh floor Figure 5d: Eight floor to Ninth floor

The results from simulation predicts that temperature increases are negligible at heights above
10 meters above ground level as the air temperature at this height remains almost the same,
also air temperature increases more rapidly at heights above 24 meters above the ground level
and thus increasing the hours in which the temperature falls outside the comfort bands.

Based on the simulation result present above, it shows that the 225 mm air gap wall enhances
thermal comfort more than 150mm air gap wall and 150mm air gap wall performs better than
the 75mm air gap double wall respectively.

CONCLUSION

In conclusion, the simulation result obtained showed that double skin fagade incorporated to
the based model office complex enhances thermal comfort in hot dry climate, Kano. Therefore,
the research proposed a new model for office design which if applied could provide an office
complex with efficient thermal comfort.

RECOMMENDATIONS

It is recommended that, our architects and other relevant professionals should make use of
the product of this research for it will guide and help them in coming up with a better and
functional office design that will to a large extent satisfy the need of workers in putting their
best during working hours. It is recommended that, employers and allied professionals
should recognize the significant roles of thermally comfortable environment in affecting the
productivity of their employees.
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