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Executive Summary

There is more demand on glazed fagades for high-rise buildings which, increase
cooling loads especially in hot and arid climate. Double skin facade is widely used to
reduce energy loads and provide visually transparent facades, it has become more
popular in cold climates because of the evident ability of the double skin facade to
reduce heating loads, on the other hand many studies have shown potential energy
savings by using double skin fagcade in hot climate as well, it is thought to be as a
result of ventilating the channel between the external and internal fagade. This study
attempted to simulate the thermal performance of the double skin facade in high-rise
office building in Dubai city, where temperature could reach over 42 °C in summer.
The study examined different parameters that could affect the performance of the
double skin facade such as, channel width, glazing type, and natural ventilation
mode. Results showed that double skin fagcade can reduce cooling loads regardless
the channel was ventilated or not as result of reduced solar gain by the external
facade. The results also showed up to 20% savings in cooling plant sensible annual
load and 8% savings in total annual energy consumption, computer simulation were
used to estimate thermal performance of the facade and also computational fluid
dynamic analysis was used in a partial section of the model to simulate thermal
behavior inside the channel. More comprehensive evaluation is recommended for
double skin facade system, to balance between cost increase when adding another
skin to the building and total running cost savings by reducing annual total energy
consumption.

Keywords: double skin facade, ventilated double skin facade, solar heat gain, UAE,
Dubai, energy saving, hot climate.
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1. Introduction

There is more demand for high transparent buildings, as developers and architects
are constantly working on providing the best panoramic views for the building’'s
occupants therefore transparent facade is always required especially for office,
residential, and hospitality buildings. But providing the best panoramic views for
occupants comes with the price of higher energy demand to maintain thermal
comfort in hot and arid climates. Many architects explored covering their building’s
facade with shading screens, fabrics, and ornaments to reduce solar gain which
restricts views to the surrounding environment (Figure 1) and reduce natural day
lighting inside the buildings, as a result more artificial lighting will be required, but
double skin facades can be used to design visually transparent buildings that cannot
be achieved by conventional curtain wall systems (Darkwa and D.H.C. Chow 2014)
or screened facades. To reduce solar gain, improve daylight quality, and maximise
views developers and engineers in moderate and cold climates tend to approach a
double skin facade system or using external shading devices (automated or fixed),
but in traditional architecture in hot climates it is common to minimise openings and
build massive walls that protect the interior of the building from ambient high
temperature by absorbing the heat and release the it at night which can be flushed
outside the building by natural ventilation.

This paper aims to provide an overview of the efficiency of using double skin facade
in office buildings in hot climates. Kambiz et al. (2013) study showed that increasing
insulation levels for a residential building in Dubai can save 17% of energy use. This
study aims to question whether double skin facades can improve insulation levels as
well, a study also showed that buildings consume between 60% to 75% of total
electricity for cooling (Hassan et al. 2013), also building’s skin can be responsible for
up to 45% of energy required for cooling according to Neveen (2008), which shows
the need for developing buildings’ skins to act as a moderator between external and
internal spaces in order to reduce energy consumption and therefore CO2 emissions
particularly in hot regions such as the UAE.

When cladding a building there are two main systems, single-skin facade (SSF) and
multi-skin facade (MSF), Multi-skin fagade includes double-skin facade (DSF) and
climate interactive facade system (CRFS) (Hassan et al. 2013) and single skin
facade which is the most conventional cladding system in the middle-east. Although
double skin fagades is more common in cold climates such as Europe, recently more
modern buildings in hotter climate such as China implemented double skin facade
claiming that ventilated channel can eject unwanted heat.



Figure 1. multi layered facade made of traditional ornaments in Doha tower (right)
and Double skin facade in The Shard tower (left)

2. Literature Review

Traditionally the building’s thermal mass was increased by increasing the walls
thickness. Today there are different techniques to increase the envelope insulation
without increasing the wall thickness, such as ventilated facades where a cavity
(channel) is created between the insulated wall and external cladding to remove
excess heat by convection. Giancola et al. (2012) monitored the performance of a
south facing ventilated facade in Spain, they found that introducing a ventilated
cavity removed part of the heat loads while in extreme temperatures more heat gain
was observed. As principle the double skin facade acts the same way, except heat is
transferred inside the cavity by conduction, radiation, and convection unlike opaque
ventilated fagades where the channel remains shaded.

2.1. Description of the double skin facade system

Double skin facade is basically an additional skin on the external wall of the building,
which can be transparent or opaque (Marko et al. 2012). The outer skin can be used
as external shading screen, or the system can integrate shading device in-between
inner and outer skin (Figure 2). There are several types of double skin fagcades
depending on ventilation mode whether it is ventilated or not and whether the
ventilation is naturally or forced (mechanically), or whether the system is indoor
(sealed) or outdoor.

Inner and outer layer can be either single or double glazed depending on the main
purpose of the double skin facade and climate conditions. Generally double skin
facades can be classified in two categories: inaccessible system and accessible
system (Sebastian et al. 2012). Second layer on the double skin facade doesn’t have
to be a glass sheets, it could be a metal screen or tensile structure, etc., the second
skin can be also designed as responsive system that adapts to weather conditions
and can be controlled by BMS. Members at Hascher Jehle Architektur and Behnisch
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& Partners together with ARUP engineers proposed a concept for integrated PCM
(Phase change material) in the buildings external facade, where the PCM is used as
reversed radiator as the PCM at the second skin collects the heat from the ambient
air and release it through liquid medium or by using air (Khaled 2013). Baldinelli
(2009) designed integrated horizontal louvers and glass, so that the system can be
beneficial in both summer and winter seasons, although the model showed
considerable cooling loads reduction the louvers had to be entirely closed to provide
enough shading which limits visibility and daylight. However in this study the focus
will be on glazed ventilated double skin facades.

Figure 2: Typical double skin facade system - One Square building, Manchester

2.2. Performance of double skin fagade in hot climate

There is a limited research found in hot arid climates on double skin facade and most
of these studies are based on computer simulation results not in actual buildings, but
a study by Hassan et al. (2013) for multi-fagade system in an educational building in
Al ain city (approximately 100 km away from Dubai) concluded that 17% to 20% can
be saved in cooling energy, Hashemi et al. (2010) performed field measurements for
a double skin facade in Tehran where temperature could reach 40 °C in summer, the
study showed an increase in temperature inside the channel that could reach 1 °C to
10 °C higher than outside temperature when there is direct solar radiation on the
facade and when the facade fall in shade the temperature inside the channel could
reach 12 °C less than the outside temperature.

Neveen (2008) suggested that the heat trapped in the channel would encourage
natural buoyancy which would reduce heat gain, the author found in a study of an
office building in a hot and arid climate equipped with a 6 storey continuous double
skin fagade, a reduction in annual cooling loads by approximately 30% when using
reflective glass in the outer layer of the fagade and 12% reduction when using tinted
glass, these result where compared with benchmark single skin facade (reflective
coated glass), the author also found and increase in cooling loads when using clear
glass for the outer layer of the facade.



A study was done by Stelios (2007) suggests that double skin facade can reduce
energy consumption between 29% to 35% in Mediterraninan climate and up to 42 %
in a hot region such as Riyadh compared to single skin facade, another paper was
done by Jan H., Martin B., and Frantisek D. (Michel et al. 2007) shows 7-13 %
reduction in sensible cooling load for double glazing facade with blinds located inside
the channel and the channel is ventilated, the simulation results also showed that
ventilation is important to reduce the temperature inside the channel otherwise the
temperature will rise 50 °C above ambient temperature in case the outlet damper is
closed. Similar results were found by Aleksandar et al. (2012) as they noted that it is
necessary to ventilate the channel to reduce the temperature inside it, they also
suggested that the double skin facade can have less heat gain than the single skin
facade and the reason would be that the outer skin layer can eliminate part of the
solar radiation. Most studies on ventilated double skin fagade are consistent with
studies on ventilated wall covering, as studies on this area have shown reduction in
heat gain by ventilating the Channel between the outer skin and the wall (Miguel et
al. 2013), which makes the double skin facade system highly adaptable with climate
conditions by controlling ventilation inside the channel and integrating shading
device if required.

Another experiment in an office building in London (Michel et al. 2007) also shows
that double skin facade performs better in summer than single skin facade due to
ventilated Channel and part of solar gain is reflected or absorbed by blinds which is a
part of BMS (building management system) that automatically close the shutters
when solar gain exceeds 200 W/m2. The experiment also suggests that using high
performance glass in the double skin facade can reduce cooling demand.

On the other hand a comparison between two single skin fagades and three single
double skin fagades for a south fagade of an office building with only difference in the
type of glazing and channel widths showed that double skin wall with smaller
channel width performs slightly better during winter, and during hot months there is
no noticeable difference between double skin and single skin fagcade (Ajla 2013).
Overheating inside the channel is proved by many studies, as the main reason
behind using double skin facade in European buildings is reducing heating loads, a
study by Gratia and De Herde (2004) showed that the temperature inside the
channel could reach 42 °C when outside temperature is 5 °C, but only when the
double skin facade is closed, when it's ventilated the temperature drops to 25 °C and
heating loads increase, the authors also showed that cooling loads increased in
summer even when natural ventilation is introduced because of temperature
increase inside the channel, however the study included one type of glazing (low-e
double glazed for the inner skin and clear single glass for the outer skin). Hgseggen
et al. (2008) also concluded from a study in Norway that double skin facade cannot
be justified from economic point of view as heating energy savings from a double
skin facade and improved U-value for windows is almost the same, although the
author found a slight improvement in cooling loads in summer



2.3. Improving double skin facade performance

Double skin facade performance depends mostly on ventilation modes, whether by
buoyancy or mechanically (Wong et al. 2008). Hashemi et al. (2010) suggested
improving ventilation and shading to the double skin facade to reduce temperature
inside the channel. Wenting et al. (2004) on the other hand tested a prototype
building by adding thermal storage wall (solar chimney) at the top of the intermediate
space of the double skin facade to improve the stack effect between the building and
the double skin fagade as the air pressure difference at the top is higher which
improves the natural ventilation inside the channel even if the wind is not strong
enough. Also of the double skin facades include venetian blinds to control solar
radiation and daylight (Nassim et al. 2005).

Sebastian et al. (2012) study showed that temperature inside the channel between
the two layers drops when increasing the channel width, the study also shows that
although the glass layers absorbs a lot of heat, the inner skin is always cooler than
the outer skin. Selection of the ventilation and glazing type for the double skin facade
can affect energy saving considerably, Marko er al. (2012) shows in a study for
different double skin facades combination that the best settings for reducing cooling
loads is using a combination of triple low emission glass and double reflective glass
which can reduce up to 42% of cooling loads, these results are consistent with
Stelios (2007) as the authors used the best solar protective properties for both inner
and outer layer, as well as ventilating the channel naturally or mechanically (better
results with mechanical ventilation). Double skin fagade’s intermediate space
(Channel) is usually constructed with openings such as the air flows through it in
summer by buoyancy to reduce cooling loads and in winter the openings is closed to
warm up the interior space which can be used to reduce heating loads (Wenting et
al. 2004).



A discussion took place in Arup facade engineering about design parameters that
affect facade design (Architectural Research Centers Consortium 2008):

e Hard costs: Building structure, facade construction, and mechanical system

e Soft costs: Energy, operation, and development.

e Human impacts: Thermal comfort, Acoustic benefits, light quality, fresh air,
responsiveness to the user, and system control.

e Ecological impacts: Source of materials, fabrication process risk, potential for
materials re-use, and carbon equivalent.

If double skin facade system is more optimal than single skin facade, it needs to
respond positively to these design parameters. There is no doubt that the double
skin facade cost is higher than traditional single skin facade as it could reach 60% to
80% higher, in central Europe where double skin facade is used frequently the cost
for a single skin facade is 300 — 500 €/m? and for standard double skin facade the
cost would reach 600 — 800 €/m?, but for providing air inlet and outlet or operable
louvers the price would be 700 — 1000 €/m? and 800 — 1300 €/m? respectively
(Hoseggen et al. 2008), therefore it is a question whether double skin facade
possible energy savings justify the cost increase for the building’'s envelope,
nevertheless this study aims to focus on the possible energy savings by using
double skin facade, and further research is recommended on the possible
economical benefits from using double skin facade in hot climates.



3. Aims and Objectives

The aim of this study is not to prove that double skin facade reduces cooling loads,
as there are several studies that proved the positive effect of double skin facade in
energy consumption, but to investigate how to improve double skin fagcade
performance in reducing cooling loads by altering different parameters which have
an impact on thermal behaviour of the system, the objectives summary was:

e Testing the double skin facade on exiting office building that implements the best
conventional strategies in reducing solar gain and cooling loads.

¢ Compare performance of the double skin fagcade when adjusting the glazing
types of both external and internal skins.

e To examine the effect of orientation and height in reducing cooling loads by
double skin facade.

e Does the channel width affect the performance of the double skin fagade?

e To examine different ventilation modes that could reduce air temperature inside
the channel, and therefore heat gain.

e To show how to improve the double skin fagcade efficiency in hot climate.

e To show the best alternatives that could reduce cooling loads in office buildings.

e To provide a broad view for architects, engineers, and investors on the possible
energy savings when choosing double skin facade system.



4. Methodology

The best method to evaluate the performance of a double skin facade is to monitor
energy measurements after the building is occupied, as it provides more accurate
feedback on the actual energy savings. The second best method is to construct 1:1
scale mock-up for the facade which involves using simulation software for
calculations. Since both methods are time consuming and expensive process the
method used in the this paper is construction of the double skin facade and
calculation for energy performance by software simulation, different compositions for
the facade were modelled and tested to assess the efficiency of a double skin facade
in a hot climates.

3.1. Constructing base model

It is important to design a base model where conventional facade is used and
compare it with double skin facade results, some researchers use fully glazed curtain
wall system as the base model others use curtain wall system with external shading
device. To provide more balanced comparison it is important to assume the base
model is the good-practice facade system otherwise double skin facade will always
perform better than a fully glazed facade and worse than a fully shaded facade
(Michel et al. 2007). It is important to realise when analysing simulation results is the
accuracy of the CFD (Computational fluid dynamics) variables. Most of the wind
speed and directions profiles might not be valid for the building location within the
city, as the wind speed and direction is highly affected by obstacles such as
surrounding buildings.

3.2. Difficulty in simulating double skin facade

The difficulty in simulating double skin facade is the complexity of the thermal
behaviour inside the double skin fagade which depends on the optical, aerodynamic,
thermo physical and geometry of the double skin fagcade components also several
physical phenomena such as heat conviction, short and long waves, air movement,
and conduction that take place inside the channel. According to Deuk-Woo and
Cheol-Soo (2011) experiment, they found considerable difference between
measurements from computer simulation and measurements from a physical 1:1
model for a double skin facade. The inaccuracy of computer simulation can be a
result of air leakage inside the Channelor from the door, ceiling, floor, and window, it
could also be a result of in-accuracy in glazing properties or accuracy in modelling
shading devices (models are usually simplified for faster processing), another
possible reason could be the difference between the actual heat conviction and
estimated one. In the case of adding blinds to the model more complexity is added
as well the blinds will affect the velocity of the air inside the channel and the heat
conviction (Nassim et al. 2005), therefore blinds were excluded in this study.



3.3. Types of double skin facades

As shown in Figure 3 there are three designs for the double skin facades that were
examined in this study:

continuous double skin facade, continuous double skin
facade with horizontal openings, and divided channel or corridor double skin fagade.

In continuous channel the air flows from the bottom of the facade and exists at the
top, the sides were also open similar to Hassan et al. (2013) case study, as the
external skin is more like a suspended layer from the internal facade .The second
design is similar to the continuous design except more horizontal openings added to
the facade to allow for more airflow inside the channel. Divided channel has
horizontal divisions at each level which forces the air to enter and exit at each level.
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Figure 3: Different ventilation modes used in the simulation
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tower in Sidney, Australia (right)



3.4. Simulation models

The results will show the analysis of two analytical models, a full model for the high-
rise building under study representing 46 storeys of the office tower and excluding
the podium and basements levels, and a simplified model for a 12 m x 13.5 m office
space and 5 storey height implementing a double skin fagcade on the south and east
facade. The second model is used to verify the results from the first model as
possible errors are expected due to the complex form of the tower, and running a
CFD analysis for the full model is time consuming and showed several errors. There
are fifteen primary cases presented in the study for both models simulating the
thermal performance annually as shown in Table 1, more cases will be presented
and discussed to clarify results.

Table 1: Simulation parameters for primary 15 cases

No. Case Skin glazing type Channel Ventilation mode
width

1 Base case Single skin double glazed - -

2 SD-1 Single glazed (external) and 1m Closed channel
double glazed (internal)

3 DD-1 Double glazed (ex_ternal) and 1m Closed channel
double glazed (internal)

4 DS-1 Double glaz_ed (ex_ternal) and 1m Closed channel
double Single (internal)

5 SDC-1 Single glazed (ext_ernal) and Im Continuous channel
double glazed (internal)

6 DDC-1 Double glazed (ex_ternal) and Im Continuous channel
double glazed (internal)

7 DSC-1 Double glaz_ed (ex_ternal) and Im Continuous channel
double Single (internal)

8 DDC-0.5 Double glazed (ex_ternal) and 0.5m Continuous channel
double glazed (internal)

9 DDC-1.5 Double glazed (ex_ternal) and 15m Continuous channel
double glazed (internal)

10 SDCH-1 Double glazed (ex_ternal) and 1m Contir_luous chann_el and
double glazed (internal) horizontal openings

11 SDD-1 Single glazed (external) and 1m Divided channel
double glazed (internal)

12 DDD-1 Double glazed (external) and 1m Divided channel
double glazed (internal)

13 DSD-1 Double glazed (external) and 1m Divided channel

single (internal)

14 pDD-0.5  Double glazed (external) and 0.5m Divided channel
double Single (internal)

15 pDD-15  Double glazed (external) and 1.5m Divided channel

double Single (internal)
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5. Climate and Environment

The case study building is located at Dubai world trade centre district, temperature in
Dubai can reach 42 °C in summer and minimum of 16 °C in winter, average annual
humidity is 60 % and average rainy days between 2009 and 2012 was 14 days
(Dubai Statistics Center 2012).The region between 40° N and 40° S is called “solar
belt” due to the large amount of solar radiation in that area, Dubai is located at 25.2°
N and 55.3° E, the studies have shown that at 25° N daylight happens 4449 h/year
and receives 70% sunshine (Islam et al. 2010). Dubai’'s hot and humid climate
requires intensive use of air conditioning to maintain comfortable indoor environment
for building’s occupants. Population in Dubai increased more than 230 % between
the year 2000 and 2011(862,387 to 2,003,170) as a result CO2 production increased
by 15.1% per capita in the UAE (Kambiz et al. 2013).

According to DEWA (Dubai Electricity and Water Authority) the electricity peak
demand increased from 3,228 MW in 2004 to 6,637 MW in 2012, and the
commercial sector is responsible for 47.33% of the electricity consumption in 2012
as shown in Figure 4 (DEWA 2012), therefore more attention should be paid in
developing commercial buildings facades.

@ Power Station &
Desal Auxillary
3,023

8.61%
O Industrial

Y e T

B Others*
3,099
8.82%

7.30%
— B @ Residential
ommercia 9,815,
16,623 27.94%
47.33%

Figure 4: Dubai Electricity Consumption (GWh) in 2012
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The location was analysed by (IESVE Version 2013) according to ASHRAE 90.1
classification, the report showed data based on the nearest weather data (Abu
Dhabi) and the results shows a very hot dry climate, deficient participation most of
the year, and summer season is dominant most of the year.

Summer has large diurnal range (Figure 5) and humidity is mostly above comfort
zone and mean daily global radiation is 6001.9Wh/m?. According to the analysis the
month of July has the maximum annual temperature (47 °C) and the warmest
months are May, June, July, August, September, and October, while the coldest
month is January. Minimum temperature occurs in February (5 °C), this information
is useful to determine the most critical time to test the efficiency of the double skin

facade. Annual mean wind speed is 3.6 m/s and mean direction is east and north -
26.5°.

‘C 50 470 @
kg/kg 0.602 0.028 M
mm 0.0 420 A

§  Warmest
V}nl

|
h

d9S

%,
Ju/ Jun

Figure 5: Climate Summary Metrics analyzed by IES VE
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6. Modelling the Base Case

The building under study is called CP08 or Central park 08 (Figure 6), it is located at
the end of Dubai international financial centre master plan, the building is part of twin
towers project one is residential and the other is offices lined on the ground by a
podium housing retail and car park. The study will focus on the office tower which is
the southern tower in the master plan. The tower’s highest point is 293.7 m. The
tower consists of three wings, the wings rise in height in a spiral form 146.7 m, 192.9
m, and the highest is 343.3 m. The common typical plan combining the three wings
that starts from the 1t floor up to 20" floor will be selected for further analysis to
identify the effect of height and orientation on the facade performance.

C \ o
= N 121K .
e e !

Figure 6: CP08 office tower in DIFC, Dubai, United Arab Emirates

The plan is a three pointed star shape like, which maximises day lighting for the
offices, as the typical plan consist of 12 faces each face has different orientation to
the sun. The core is centred in the plan therefore the fagade is only covering office
spaces. There are 4 types of glazing covering the facade:

e Silver double glazed unit low-emissivity coating and thermally broken fixed on
aluminium frame.

e Silver single glazed insulated spandrel panel covering slab and fall ceiling

e Black double glazed unit low-emissivity coating body tinted dark grey and
thermally broken fixed on aluminium frame.

e Black single glazed insulated spandrel panel covering slab and fall ceiling

13



The facade is not fully glazed. A series of insulated composite aluminium panels are
spaced in the plan to minimise glazing area. Data on specifications for selected
curtain wall and required performance is collected from construction issue drawings
provided by the architects. The actual performance of the fagcade may vary after
construction. Minimum performance criteria for glazing types were shown in Table 2.

Table 2: CP08 minimum performance for glazing types

Glazina panel U-value Light External light  Internal light Shading

. gp (W/m?ZK) transmission reflectance reflectance co-efficient
o (%) (%) (%) (SC)
;‘2’;;;0“'0'3 17 3% 42% 12% 0.10
gg:/]ee: spandrel 0.57 3% 42% - 0.10
gBII;\ZciI;gouble 16 6% 4% - 0.12
;?;(;kl spandrel 0.57 6% 4% - 0.10
AIumlnum 0.35 ) . - -
Composite panel

_

Zone Name Legend

. Circulation and Services
T [ office 1
[ office 2
[ office 3
[ office 4
|:| Office 5
Office 6

Figure 7: Typical floor plan for the office tower showing different thermal zones
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The model has been done by (Autodesk Revit version 2014) as shown in Figure 8
and then transferred to IES VE for analysis due to complexity of the existing facade
to insure that accurate glazing percentage is modelled to provide more balanced
comparison as mentioned in methodology section, the floor plate was divided into
seven thermal zones (Figure 7), six zones to analyse the effect of orientation on
thermal behaviour inside the space, considering the complex floor shape of the
tower, therefore different fagcades have no clear orientation to North, East, West, or
South, but divisions can provide a picture where improvements to the building’s skin
are mostly needed, the bigger offices area are 627 m? each and the smaller offices
are 249 m? each . Another zone defines the core of the building, to simplify the
model and minimise error all functions within the core are defined as one space,
although infiltration is expected to occur from the doors the model is used for a
comparison between different facade types not to calculate the actual building
energy performance, therefore columns, fall ceilings, and raised floors were not
included in the analysis as well. The glazing types were also simplified to one type
as double gazed and 1.7 W/m?K as minimum U-value. (Office 4) zone is the tallest
tower (46 levels) and (office 6) zone is the middle tower (36 levels) and (office 2)
zone is the shortest tower (25 levels) each level is 4.2 m high and the first floor level
is +29.1 m.

Circulations
and services

Office 4

Office 6 zones

Zones

Office 2
zones

Figure 8: Detailed 3D model for the CP08 tower
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7. Analysis

To examine double skin fagcade impact on solar gain and cooling loads, different
model configurations were simulated as shown in the diagram in Figure 9. The
glazing properties were tested by selecting different glazing types, the effect of
channel width (intermediate space) was also tested by simulating three different
options. Direction of the fagade was also examined by showing cooling loads for
each zone to identify the effect of orientation on energy consumption. A single
parameter was modified in each simulation and compared to the bas-case model.

Double Skin
Facade
Performance

Facade
glazing type

Single &
double
Channel
ventilation
Divided
channel

Continuous

Horizontal -

openings

Figure 9: Bubble diagram for different parameters used that affects double skin facade performance
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7.1. Dynamic Simulation modelling tool

Simulation was performed by dynamic thermal modelling computer software (IESVE
Version 2013) to provide quantitative analytical data on the performance of double
skin facade. Apache Simulation is used for thermal performance, SunCast for solar
shading and penetration, ApacheHVAC for air conditioning system, and MicroFlo is
used for CFD analysis. Weather profile for Dubai is linked to the software simulation
IESVE which is based on typical meteorological year that includes direct solar
radiation, diffuse radiation, wet and dry bulb hourly temperatures, wind speed, cloud
cover, cloud cover, and sunshine hours. It was not possible to assess the accuracy
of the software predictions due to the difficulty in collecting data for the actual
performance of the building, an alternative would be validating the software accuracy
by previous researchers on the same field of study, an example would be a study
done by Neveen (2008) on double skin facades using the same simulation tool and
the author found a goof agreement between IESVE prediction and the actual data
collected on a building in Cairo, an error between 1% and 2% was found for most of
the year in predicting energy loads and in the month of May and August the error
was 8% which can be neglected as an overall estimation, the author suggested that
the difference could be as a result of the between actual and predicted weather
condition or could be as a result of different occupancy patterns and also the actual
heat transfer through individual components might differ.

7.2. Operational parameters

Certain parameters were set as constant in all simulations which represent
operational profile of the building:

e Location is Dubai Intl Airport, United Arab Emirates 25.27 N and 55.31 E

e Abu Dhabi weather data was used (nearest city).

e Cooling set point 23.9 °C.

e Boilers are used for heating and VAV single duct for cooling system.

e Flow rate 180.2356 I/s and extract flow rate is 199.4309 I/s

e Fluorescent is used as lighting fixtures.

e 11.613 m?/person is defined as occupancy density for the building

e Infiltration and air tightness is 48.5697 I/s

e Cooling plant operate between 8 am to 6 pm.

e The simulation included office floors only, Podium and basements levels are not
included in the analysis

e Core including services, shafts, and circulation are considered as one zone

e Channel space is defined as unoccupiable space where cooling and heating is
turned off and zero occupancy density
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7.3. Model translation to IES VE

The model has been simplified as shown in Figure 13 and translated from (Autodesk
Revit version 2014) to IES VE by defining office zones as open office plan and
circulation and services zone was defined as unoccupiable, VAV single duct was
selected as the building conditioning system (Figure 12). Translating the fagade in
IES VE can be done be five levels of complexity, Simple, Simple with shading
surfaces, Complex, Complex with shading surfaces, and Complex with mullions and
shading surfaces, two levels were tested to validate whether there is a need to use a
complex level or not, the third floor cooling loads was simulated by SunCast and
Apache engines, the results showed that cooling loads in the “Simple with shading
surfaces” (Figure 10) model was lower slightly than “Complex with shading
surfaces” (Figure 11) by a negligible amount (less than 1%) as shown in Table 3, to
minimise computational time and resources the “Simple with shading surfaces”
model will be used. The simple translation for the facade represents glazing as one
single window and solid areas in the curtain wall such as mullions, aluminium panels,
and spandrels are represented as solid walls, on the contrary complex translation
represents glazing as several windows.

Table 3: Comparison between energy loads results for levels of translation

Mean room Max. room . .
; . Mean chillers Max. chillers
. cooling plant cooling plant
Complexity load load
sens. load sens. load (kW) (kW)
(kW) (kW)
Simple with 60.5026 308.9016 68.3350 496.1501
shading surfaces
Complex with 60.9008 309.9458 68.8890 499.9241

shading surfaces

(TR TCCTACTIAC TR T AT mi"li
LTI,

T LT

Figure 10: Simplified translation for the facade Figure 11: Complex translation for the facade
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Figure 12: Model translation to IES VE

Figure 13: Model simplified and translated as analytical model to IES VE
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7.4. Full building model simulation

The double skin facade was assigned for all sides of the buildings excluding the
recessed area in the plan (Figure 14) the double skin facade starts form the 1%t floor
up to the end, as It is recommended by some researchers to introduce air intake
higher from the ground to minimise dust and particles entering the channel and
improve air quality inside the double skin fagade (Neveen 2008), the model double
skin facade was adjusted in (Autodesk Revit version 2014) and translated to
analytical model in IES VE (Figure 15). Shading calculation analysis was done for
each case from January to December, diffuse shading factors were also calculated
as shown in Figure 16. The properties of external glazing and walls were assigned
by Apache (Figure 17) and floors and ceilings properties were constant in each
simulation. There are three constructions assigned for external walls, and glass
construction was modified according to specifications provided by a manufacturer
(Dxb.emiratesglass.com, 2014), the properties of external walls listed in Table 4 are:
double glazed panels, single glazed panels, and Metal cladding for opaque walls.
Openings that allow for airflow inside the channel were assigned in MacroFlo as
defined in Table 5 and shown in Figure 18, the wind pressure coefficient was also
considered which was derived from wind tunnel experiments (lesve.com 2013), and
each opening type was modified according to each surface exposure, however in
divided channel simulation the openings were assigned as window centre hung with
30% opening from bottom and tope to simplify the model and to reduce computation
time which showed similar results to the partial detailed model which will be
explained in the next sections.

Table 4: Properties of curtain wall and aluminum composite panels for external walls

) . U-value
Material Description (W/m?2K) SHGC g-value
Low-e double 24 mm (6+16+6 mn_1) insulating 16723 0.4105 0.4182
glazed glass unit
Single glazed Uncoated 6 mm single glass 6.2742 0.8116 0.8199
: Light weight metal clad fixed on
Metal cladding 100 mm insulation board 0.3293 i i
Table 5: MacroFlo opening types used in the simulation
Opening Openable Max
Opening type Exposure Type category area (%) opening
angle (°)
Divided channel High-rise semi-exposed wall Window
; N 30 30
openings h/H=0.8 centre hung
Wall openings & High-rise semi-exposed wall Window - 90 i
slanted roof h/H=0.8 sash
. High-rise semi-exposed flat Window -
Flat roof opening roof h/H = 0.8 sash 90 -
. High-rise semi-exposed flat Window -
Bottom opening roof h/H = 00 sash 90 -
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Zone Name Legend
.Channel1

. Channel 2

. Channel 3
. Channel 4
[ charnel 5
. Channel 6
. Circulation and Services
[ office 1
[ office 2
[ office 3
. Office 4
[Jofice 5
[Joffice 6

Channel 4
52 m?

Figure 14: Typical floor plan showing double skin facade zoning

Figure 15: Analytical used for simulating Continuous channel (left) and divided channel (right)
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Figure 18: Assigning opening types to the model in MacroFlo
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7.5. Partial model

The partial model is used to validate results from the full building model and save
computational resources as well as minimising errors that could be a result from over
complexity and to avoid higher calculation time and excessive memory use in CFD
analysis. The partial model is a 12 m x 13.5 m office space (162 m?), 5 storey high
and 8.4 m high from the ground. The double glazing is assigned to the south and
east facade and the same glazing ratio were used to the external skin and external
skin. Opening types and material properties were used as per the full model, except
the openings on the external skin were more detailed and 90% openable area was
selected (to allow for frame and structure).

The model was used for MicroFlo (CFD) analysis to simulate airflow inside the
channel for three scenarios (continuous, horizontal openings, and divided channel).
July 21t was selected for the simulation date starting from 12 pm and 0.3 m grid
spacing is assigned to the model. The supplied air temperature was set to 34.4 °C
(minimum dry bulb for the month), the airflow in and out was entered manually by
referring to data provided by VistaPro on the same date at 12 pm as shown in
Figures 19, 20, and 21, the airflow in was set as general supply diffuser and the
airflow out was set as extract, the CFD simulation used 500 outer iterations (Figure
22) and surfaces temperatures were imported from thermal simulation data (Apache)
of the same date.

Airflow Unit: I's
Date/Time: 21/7 12:00

Figure 19: Partial model for continuous channel showing airflow rates in I/s
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Airflow Unit: I's
Date/Time: 21/7 12:00

Figure 20: Partial model for continuous channel with horizontal openings showing airflow rates in I/s

Airflow Unit: I's
Date/Time: 21/6 12:00

Figure 21: Partial model for divided channel showing airflow rates in I/s

Blue arrows represent flow in and the red arrows represent flow out
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Figure 22: MicroFlo (CFD) settings used for the simulation
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8. Results & Discussion

The results were consistent with (Hashemi et al. 2010), (Neveen 2008), and (Hassan
et al. 2013), the double skin fagcade can reduce cooling loads by 20.37% (Figure 23
and Table 6) and reduce total annual energy consumption by 8.32% (Figure 24 and
Table 6). The results also showed that sealed double skin facade reduced total
energy consumption by almost 4% and cooling loads by approximately 8%, Similar
results were found by He et al. (2011) in a study for a double skin facade in
Hangzhou, they found energy savings even when the cavity was closed, on the other
hand they also found less than 8% energy savings when the channel was ventilated,
they argued that part of the solar radiation is transmitted by the vent opening
therefore more hot air is entering the channel. The difference between total energy
savings and cooling loads savings was the fixed variables in all the simulation such
boilers, lighting, and occupancy density.

Table 6: Building annual energy consumption

Ln Lo —
— — — | — — —
Energy o o My < ' : ' Q - T : ' :
o0 (E8 8| 88|88/ 2| 82888 &
o [a) [a)]
7] [a) ) Q Q A N a lal
Total yearly
energy 24,864 | 24,274 | 23,615 | 24,794 | 23,964 | 22,875 | 23,754 | 22,841 | 22,848 | 22,794 | 23,755 | 22,803 | 23,614
consumption
(MWh)
Total room
cooling plant
consible load | 21,847 | 20,544 10,124 | 21,666 | 19,863 | 17,501 | 19,201 | 17,557 | 17,536 | 17,455 | 19,460 | 17,398 | 19,056
(MWh)
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SD-1 | DD-1 | DS-1 | SDC-1 | DDC-1 | DSC-1 DODS' D1D5C' SD1CH' SDD-1 | DDD-1 | DSD-1

|lSavings 5.96% (12.47% | 0.83% | 9.08% |19.89%11.70%(19.64%19.73%|{20.11%|10.93%20.37%|12.78%

Figure 23: Annual savings for cooling plant sensible load for the full model
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|
SD-1 | DD-1 | DS-1 | SDC-1 | DDC-1 | DSC-1 D(?g' DESC' SDICH' SDD-1 | DDD-1 | DSD-1

|lSaVingS 2.37% | 5.02% | 0.28% | 3.62% | 8.00% | 4.46% | 8.14% | 8.11% | 8.32% | 4.46% | 8.29% | 5.03%

Figure 24: Annual savings for total annual energy consumption for the full model

Partial model showed consistent results as case: DDC-1, DDCH-1, and DDD-1
(where double glazing is used for both inner and outer skins) showed the best
cooling load savings (Figure 25), the graph on Figure 26 shows that cooling load
reduction by the double skin facade is not the same ratio as the reduction in solar
gain, in the case of DDC-1 more than 30% reduction in cooling loads and 80%
reduction in solar gain, this could be explained by the hot air inside the channel
which contributed to heat gain inside the building. The results also show more
cooling load savings in the partial model (30%) as the full model was not fully glazed
and some areas in the full model were not covered by the double skin fagade which
could have reduced the double skin facade efficiency, also large areas of exposed
envelope where the fagade didn’t change, such as exposed core and recessed areas
on the upper floors could have reduced the double skin facade efficiency as well.
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

Total room cooling plant sensible
load (MWh)

Base SDC- | DDC- | DSC- | DDC- | DDC- | SDCH | SDD- | DDD- | DSD-
case | SP-1 | DD-1 | DS-1 1 1 1 0.5 1.5 -1 1 1 1

|ICooling load | 41.89 | 42.12 | 36.42 | 45.63 | 39.27 | 29.52 | 35.41 | 29.84 | 29.45 | 29.33 | 36.85 | 28.62 | 33.64

Figure 25: Partial mode results for annual room cooling plant senisible load
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Figure 26: Partial mode results for annual solar gain

Figure 27 and 28 shows more cooling load savings can be measured in colder
months, and the least savings can be found in July and August which are the hottest
months in the year, which could be explained by He et al. (2011) results, as it is
more difficult for the heat to be flushed to the outside when higher external
temperature is measured, as a result more heat is entering the channel and then
transmitted inside the building.
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Figure 28: Double skin fagade monthly savings for the full model

8.1. Glazing type

All simulations showed better cooling load savings in the case of using double
glazing for the internal facade, Stelios (2007) also found reduced cooling loads by
using the best solar protective properties for both inner and outer layer. The results
were expected as many studies showed similar findings because of reduced solar
gain by using double glazing for both layers as shown in Figure 29 and 30. It is also
noted that when using double glazing for the external fagade and single glazing for
the internal fagcade the double skin fagcade performed better than using single glazing
in the outer skin, as the single glazing will transmit more heat inside the channel.
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Figure 29: Solar gain for office 4 at the 21t of July (Full model)
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Figure 30: Solar gain for office 4 at the 21st of February (Full model)
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Figure 31: Air temperature inside channel 4 in July 215 (Full model)
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Figure 32: Office 4 cooling plant sensible load in July 215 (Full model)
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Figure 33: Office 4 cooling plant sensible load in February 215 (Full model)

Figure 33 and 32 shows that using single glazing for the external skin and double
glazing for the internal skin performed better than the opposite in hot season, this
could be explained by the buoyancy effect that flushes the hot air from the channel,
but when using double glazing on the external skin less temperature deferential is
measured between inside and outside the channel, Figure 34 also shows less air
flow inside the channel when using double glazing for the external skin, on the other
hand using double glazing for both skins performed the best. Same results were also
found by Hassan et al. (2013) as they found that using single glass as outer layer
reduces the system efficiency by 26% but lower solar heat gain coefficient (SHGC) is
more effective in reducing direct gain and green house effect inside the channel.
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Figure 34: External vent volume flow at July 215 (Full model)

8.2. Ventilation mode

Total energy savings and total cooling loads reduction for all ventilation modes were
similar when using double glazing for both internal and external skins, on the other
hand more improvement in energy savings observed when using divided channel
type with single glazing on the internal or the external facade as shown in Figure 23
and 24, although Figure 36 and 37 shows higher air temperature inside the channel
when using divided channel. This could be explained by Figure 38 and 39, as less
solar gain is observed when using divided channel and more volume flow inside the
channel, also the horizontal divisions in the case of using divided channel provides
more shading to the fagade which reduces solar gain inside the building, on the other
hand more airflow inside the channel causes more hot air supplied and therefore
more heat gain inside the building as shown in Figure 35 external vent gain graph.
Nassim et al. (2005) also found that air velocity is higher next to external fagcade in
the case of positioning the inlet and outlet openings at the bottom and top of the
facade, which could explain the low air temperature inside the continuous channel.
The results also show that using single glazing for the internal skin with divided
channel can still reduce 12% of cooling loads (Figure 23), this result worth
considering when comparing the price of using double glazing for both skins with
using single skin for the internal skin while reducing solar gain with shading or
possibly ventilating the channel mechanically.
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Figure 35: External vent gain - comparison between different ventilation modes (Full model)
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Figure 36: Air temperature inside the channel with different ventilation modes at July 215t (Full model)
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Figure 37: Air temperature inside the channel at February 215 - comparison between different
ventilation modes (Full model)
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Figure 38: Volume flow inside channel 4 - comparison between different ventilation modes
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Figure 39: Solar inside office 4 - comparison between different ventilation modes (Full model)

8.3. Orientation and Height

Ventilation inside the channel is affected by temperature thermal force and wind
pressure force (Lou et al. 2012) which depends on thermal deferential between
inside and outside the channel as well as the height of the channel. Figure 41 shows
more cooling load plant sensible load savings for south and east facing offices than
the north and west facing ones, Figure 44 graph can explain the results as more
volume flow is measured inside channel 4 (south east facing) which shows that more
solar radiation improves buoyancy effect inside the channel, in another words
increasing temperature differential inside and outside the channel. As shown in
Figure 45 the facade that receives more solar radiation performs better when using
double glazing for both skins. Graph at Figure 40 also shows that double skin facade
reduced cooling loads differential for different orientations to the sun inside the
building when compared to base case. Figure 42 and 43 show more solar gain and
hence more cooling load at the bottom and the top of the building and less solar gain
at the middle level, these results are not completely consistent with (Hassan et al.
2013) and (Darkwa and D.H.C. Chow 2014), as Hassan et al. (2013) found that the
heat coefficient is higher at the upper levels as the air gets warmer at the top and
Darkwa and D.H.C. Chow (2014) also found an increase in the temperature in upper
floors of the building. This could be explained by extreme air temperature that
supplies the channel in this region, nevertheless higher temperature is also
measured at the higher level when compared to middle one.
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Figure 40: Annual cooling plant sensible load for the 10" floor

30.00%

25.00%

20.00%

(%)

15.00%

saving

10.00%

5.00%

0.00%

Office 1

Office 2

Office 3

Office 4

Office 5

Office 6

|l Savings

11.39%

24.42%

18.67%

27.63%

17.07%

23.97%

Figure 41: Annual cooling plant sensible load savings for the 10" floor
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Figure 44: Volume flow inside the channel at July 215t (Full model)
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Figure 45: Building solar energy analysis

8.4. Channel width

Total energy consumption and cooling load savings as shown in Figure 23 and 24
shows very slight difference when changing the channel width (less than 1%). Figure
48 showed lea air temperature inside the channel when increasing the channel
width, the results are consistent with Sebastian et al. (2012) study as they found that
temperature drops inside the channel when increasing the channel width. Wong et
al. (2008) found that the 300 mm width for the channel had the best results in
ventilating the facade, similar results were found as shown in Figure 23 but only
slight improvement was observed. Figures 46 and 47 show that volume flow
increased when channel width was increased, and the effect was higher in
continuous channel. The results is also consistent with previous observations as the
increased channel temperature doesn’t necessarily mean increased cooling loads as
thermal differential could induce buoyancy effect to flush the heated air away from
the channel and therefore avoiding greenhouse effect inside the channel. Hassan et
al. (2013) also found that decreasing the channel width reduced the air flow and
therefore flushing the heat was affected as well, which is consistent with this study

results.
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Figure 46: Volume flow inside the channel by using divided channel (partial model)
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Figure 47: Volume flow inside the channel by using continuous channel (partial model)
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8.5. MicroFlo (CFD) analysis

IES VE has limitation as MacroFlo is designed to simulate bulk air movement by
buoyancy and wind pressures using zonal airflow, however to simulate the effect of
momentum, turbulence or mass continuity MicroFlo (CFD) is required (lesve.com
2013) on the other hand to simulate the wind forces accurately by CFD airflow
values for each opening in the building has to be adjusted manually which was
extremely time consuming for simulating a 46 storey building, therefore a simplified
model was needed to perform the CFD analysis on different ventilation modes, also
CFD simulation requires a lot of computation power therefore many studies are
based on a simplified model for the fagcade which is restricted to steady-state case
(Michel et al. 2007). CFD results as shown in Figures 49 to 56 show better flow
inside ventilated fagade and heated air is not trapped inside the channel and flow to
the nearest exist, the figures also show that the air velocity is always higher near the
exist and at the corner, which is similar to Lou et al. (2012) findings, they tested a
model for a high-rise building in the wind tunnel wrapped with corridor type double
skin facade tower and found that pressure equalization for the shorter double skin
facade is easier than the wider one. They also found that pressure equalization is
disturbed at the corner of an L-shaped double skin facade. Figure 49 also shows that
patches of hot air are evident for trapped heat which can be explained by Figure 53
as well. CFD analysis also shows that ventilated channel didn’t cool the channel but
reduced overheating by allowing the trapped air to exit.
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Figure 49: CFD analysis - Temperature contour inside a closed channel at July 21%
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Figure 50: CFD analysis - Temperature contour inside continuous channel at July 215
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Figure 51: CFD analysis - Temperature contour inside a continuous channel with horizontal openings
at July 21
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Figure 52: CFD analysis - Temperature contour inside divided channel at July 215
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Figure 54: CFD analysis - Velocity contour inside continuous channel at July 215t
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Figure 55: CFD analysis - velocity contour inside a continuous channel with horizontal openings at
July 218

Figure 56: CFD analysis - Velocity contour inside divided channel at July 215t
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9. Conclusion

Double skin facade can save annual cooling plant sensible loads up to 20% and total
annual energy consumption by 8%, in general terms the thermal performance of the
double skin facade depends on buoyancy effect, as the external layer of the facade
is heated up therefore the air inside the channel starts to ascend while reducing heat
transferred inside the building. The effect of different parameters were analysed in
this study, the results showed that using the best solar protective properties to the
glass for both internal and external skin will achieve the best performance, which
was expected and consistent with several studies presented in the literature review
section. Altering the channel width and ventilation mode didn't show significant
energy savings. The results also showed that the double skin facade was more
efficient on the south and East orientation than the North and West one. As a
conclusion divided channel with double glazing used for both external and internal
facade showed the best alternative for reducing cooling loads.

Double skin facades are very expensive systems and complex to build which is why
simple curtain wall systems with double glazing panels are a conventional system
nowadays. Therefore more research on improving double skin facade ventilation
specially when using single glazing for internal or external skin to reduce more
cooling loads and energy consumption, which could cost less than using double
glazing for both skins, also more studies are suggested for using natural ventilation
of the double skin facade in colder seasons as some results showed that the air
temperature inside the channel falls within the comfort zone.

It is also recommended to investigate different approaches and tools in simulating
the performance of double skin facade, as the thermal behaviour of the double skin
facade is very complex, several aspects were not included in the simulation such as
outer skin structure, the use of grating in the continuous channel, or the use of
shading device between the facade layers. It was not possible to accurately predict
the exact performance of the system for the full building, using partial model was
more time efficient, but simulating the full model gave a better understanding on
where the double skin facade was more efficient and where it needs more
improvement, more techniqgues on simulating full building models is also
recommended for the future.
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