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insulation to improve the Nomenclature

A | Surface area (m")

cooling load saving. In the

Ag; | The sunlight area of the surface (m")

best case, thermal resis-

Fps | The view factor of the walls surface to the sky

tance with 5cm thickness Theview fctor oF i walls surface o e
brings about up to 7.8% re- soud

duction in the energy COn- I, | Beam (direct) solar radiation (W-m™)
sumed. In warm and hot

lais | Diffuse solar radiation (W-m™)

Ig Beam (direct) radiation of the ground (W-m™)

Climate) the 2nd Strategy is k Thermal conductivity (W-m~-K™")
better than the 1 St one. . Absorbed direct and diffuse solar (short

Asot

wavelength) radiation heat flux (W-m™")

quwr | Net long wavelength (thermal) radiation flux

exchange with the air and surroundings

(W-m™)

Conduction heat flux (q/A) into the wall

(W-m™)

Convective flux exchange with outside air

Geonv

(W)

VT | Temperature gradient (K-m™")

2] Angle of incidence (Degree)
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this region is recommend-
ed.

Conclusions

The two practical solutions
for energy saving in official
buildings located in hot
and humid Climate of Ah-
vaz, Iran are described in
warm seasons. The build-
ing is simulated in Design-
Builder software.

The first strategy is to re-
duce the share of solar iso-
lation in the building. The
popular solution among
builders is used to imple-
ment shades. In the study,
it is shown that installing
shades can cause increased
cooling load due to en-
ergy stored in the shade,
increasing the building
mass and finally the angle
between the shade tilt and
the solar declination. The
negative effect on energy
consumption is dominant

till reaching 60cm shade
length. In the best practice,
when the shade length
reached 120cm, the cool-
ing load was reduced 1% in
comparison to the primary
demand. The second strat-
egy is to reduce the share
of the heat transferred to
the room through con-
duction method. The goal
is achieved by installing
thermal resistance inside
the external wall and the
roof. Thermal resistance
with 5cm thickness brings
in up to 7.8% reduction
in the energy consumed
for supplying the cooling
load in the building. Ther-
mal resistance with lcm
thickness brings in up to
3.8% reduction in the en-
ergy consumed for supply-
ing the cooling load in the
building and raising the
thickness of the thermal

O
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in the month of July, 7.8%.
In this study, in addition
to investigating the afore-
mentioned strategies, an-
other comparison regard-
ing the results of the two
implemented  strategies
was taken place.as the re-
sults in figures 3 and 4
show, the first strategy did
not have better yield in the
hot and humid climate of
Ahvaz in comparison to
the second strategy. In oth-
er words, if condition G is
compared with condition
H, it could be seen that us-
ing poly urethane thermal
insulation with thickness
of one centimeter could
lower the cooling load by
four times that of using
window overhangs. More-
over, the cooling load,
when implementing the
first strategy in condition
B, was, even, increased.

b jo 5l (598 9 YlaiSlw 43 F P o

Overall, the results show
that in regions with hot
and humid climate such
as Ahvaz, window over-
hangs and shades do not
have significant impact on
lowering the cooling load
of the buildings. Where-
as, thermal envelope is
a much better choice for
lowering the cooling load.
Another benefit that ther-
mal envelope has is that it
is effective throughout the
entire year; and by pre-
venting heat conduction
via the building’s outer en-
velope, leads to maintain-
ing
and lowering the use of

comfort conditions

air-conditioning  system.
Thus, using one centime-
ter PV.C covering, which
is a suitable thermal en-
velope insulation like poly
urethane, on the outer en-
velope of the buildings in

2z
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The second strategy used
in this study was investi-
gating the impact of using
poly urethane insulation
with varying thicknesses
on the energy needed to
take care of the building’s
BC cooling load. The same
building simulated in the
first step was simulated
again using poly urethane
thermal with
varying thicknesses for the

envelope

following days of the year:
June 3rd, July 1st and Au-
gust 1st. Figure 4 shows the
amount of energy saved in
various conditions

o June
u July

1ST Strategy

Figure 3: Energy Saving With Use 1st
strategy

| mJune

: u July

Saving Cooling Load%
=T S I - N - - Y-

H I T K L
2nd Strategy

Figure 4: Energy Saving With Use 2nd

startegy
The results obtained from

the

that:
In model H, where the
thickness of envelope ther-

simulation showed

mal conductivity insula-
tion was one centimeter,
energy saving in the best
model reached 3.14%.
When the thickness of the
thermal insulation was five
centimeters, the amount of
energy saved was approxi-
mately 7.8%.

Using thermal insulation
lead to lowered energy
consumption in all condi-
tions.

The most energy saved was
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ergy saving resulting from
implementing the first
strategy consequently, the
changes in the amount of
cooling load.

The results of employing
this strategy showed the
followings:

o In model B, energy con-
sumption has gone up,
which indicates that in hot
and humid climates, such
as Ahvaz, using window
overhangs which are not
very wide or deep leads
to storage of thermal en-
ergy in the material of the
shade. This in turn results
in increased transfer of ra-
diation heat through the
shades and increased cool-
ing load of the buildings.
« Sun azimuth changes due
to earth orbiting around
the sun. It leads to the
change the angle sun radia-
tion on the envelope of the

b jo 5l (598 9 YlaiSlw 43 F P o

buildings, which leads has
a significant impact on the
efficiency of the overhangs.
It even, leads to an over-
hang displaying dual be-
havior in the building. The
obtained results in condi-
tion C are clear indication
of this fact. The overhangs
lead to increased cooling
load during the months
of July and June; whereas,
the same overhang result
in lowered cooling load
by 0.175% in the same
building during month of
August. As it can be seen
in Figure 3, increase in
the depth of the overhang
showed an insignificant
impact on energy con-
sumption of the building.
This reduction in energy
consumption was approx-
imately 1% in the best
model strategy.

o The second strategy
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regions which have similar
conditions to those of Ah-
vaz. After creating the file
using this software, the cli-
mate consultant software
was employed to obtain
the climate data for Ahvaz.
The obtained data was in
line with the city’s climate
conditions during the pre-
ceding few years.

Results and discussion

In this study, it has been
tried to investigate the
impact of heat radiation
transfer strategy using
window overhangs and
heat conduction transfer
using thermal insulation
on cooling load of the
BC. This was carried out
in two step using simula-
tion. In the following sec-
tion of this research paper,
to achieve the goals of the
research, the base case is
developed based on the

aforementioned strategies
using the software.

First strategy

Sun radiation on the sur-
faces of objects results in
increased temperature and
heating of those surfaces.
Shades and window over-
hangs reduces the area of
the (buildings’
outer envelopes on open
spaces) upon which sun
shines, and by doing so,
leads to lowering the tem-

surfaces

perature and providing a
relative comfort conditions
inside the buildings. By us-
ing this technique, the BC
was simulated in six stages
using window overhangs
shades which
mentioned in tablel. the

and were
simulations were conduct-
ed for the following days
of the year: June 3rd, July
Ist and August Ist. Figure
3 shows the amount of en-
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function and equipment
(Figure 2).

Fig 2: Thermal Zone of Base Case

 Office spaces: the per-
sonnel working in this area
have low physical activity
and the thermal energy
generated by the equip-
ment in this area is 57 W/
m?2. Furthermore, this area
is equipped with window
air condition.

o Corridor: it is the passage
area for the employees and
lacks heating and cooling
systems.

» W.C : this space lacks any
equipment and has no ex-
haust fan.

o Kitchen: this space hous-
es equipment such as stove,

b jo 5l (598 9 YlaiSlw 43 F P o

refrigerator, water heater
and some other equip-
ment. The cooling for this
area is provided by win-
dow air condition.

» Urban layout and climate
data

Ahvaz is located in the hot
and humid climate region
of Iran. As the result of
this, the building codel9
of Iran Construction Na-
tional Regulation (ICN-
RC) is categorized under
the group of high energy
consumption. In addition,
the
energy need of Ahvaz is

dominant thermal
considered to be cooling.
Moreover, due to lack of
a file on the city’s climate,
called Meteo-
norm was used to obtain

software

its climatic condition. This
software accomplished this
task by using the climate
conditions of the nearby
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of 0.81, light transmission
(LT) of 0.881 and U-value
of 4.2 (w/m2-k).

o The specifications and
the information about the
wall material used in build-
ing the outer envelope of
the building are displayed
in table 2.

table 2: Building envelope thermo-physical

characteristic
Specific
Conductivi Density | Thicknes
Laye: heating
ty (w/m-k) (kg/mY) | s (cm)
(i/kg-k)
Brick facade AR Ats VaY. ¥
Cement mortar | 1,12 v Yooo Y
Brick \ Ats Ve .
Plaster and Soil | 1,1 At Voo X
Plaster Y AREN VW Y3
oily paint B You. Yeer B
Ceramic/porcel
Yo
ain
Concrete Cast,
e Ate W
lightweight
Block roof CRGS Ats VaY. ¥
Bitumen/felt
Y B
layers
Concrete,
Y, Veoo Yy, Yo
Reinforced
Sand and
Y g0 4
gravel
M Y, ¢ v v

o The office is open for

business  Saturday to
Wednesday from 7 a.m. to
4 p.m. Eleven people are
always busy working in
these offices.

« The lighting of the build-
ing is provided by fluores-
cent light bulbs installed
in the ceiling and has the
illuminate of 500 lux and
Radiant Fraction of 0.72.
o Electrical equipment
produce heat when they
are operating. The heat
generated by them in an of-
fice room environment is
estimated to be 75 W/m2.
This value is considered to
be 52 W/m?2 for the kitch-
en space.

« Dividing the space in the
BC: The building was sim-
ulated using the software.
dividing the building into
This

division was based on

four thermal areas.
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of the surface upon which it
radiates and falls on. In this
study, it has been tried to
reduce the transfer of heat
radiation by using window

overhangs and creating
shade.
Second Strategy:

The principle and the sci-
entific base of this method
is the Fourier’s heat transfer
equation.

q_koN’=-k*T (3)

As it could be seen from the
above equation, by chang-
ing thermal conductivity
the thermal flux can of the
surfaces can be controlled.
In addition, with the aid of
poly urethane insulation
the value of K could be in-
creased and thermal flux
could be reduced.

Base case model definition
The building which is
called the BC in this study
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is an office building and in-
cludes 7 offices, a corridor,
a cooking and WCs area.
The total area is 208.69 m2
and is built on a one piece
concrete foundation 40 cm
high. The area which in-
cludes the offices and the
kitchen contains cooling
system and covers an area
of 168.90 m2. The part of
the building which lacks a
cooling system includes the
W.C and the corridor and
covers an area of 39.79 m2.

Base Case specifications

o The entrance door is
made of laminated glass.
o The specifications of the
glass are defined based on
the standards of the soft-
ware.

o The The BC glazing con-
sists of metal frame with
single pane with which is
4 mm thick with solar heat
gain coeflicient (SGHC)

Z9Nd
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Thermal envelope with ' cm

Thermal envelope with ¥ cm

Second Strategy

Thermal envelope with £ cm

H
1
Thermal envelope with ¥ cm J
K
L

Reduced heat conduction
Thermal envelope added
to the walls and roof

Thermal envelope with © cm

Theoretical background

To maintain comfort con-
ditions of the office and cut
down on energy consump-
tion needed for heating
and cooling purposes, heat
transfer of the building’s
outer envelope must be
controlled. Heat transfer of
the envelope relates to three
main sources convection,
radiation and conduction.
These three
create a thermal balance in

parameters

the outer envelope of the
building. The equations
governing this thermal bal-
ance are as follows:

(1)g_solr”+q_LWRA”+ q_
koA”+q_convA”=0

The equations related to
the strategies under study
in this research are intro-

duced in the following sec-
tion.

First Strategy:

Whenever two or more ob-
jects emit heat from their
surfaces and are placed
next to one another, a por-
tion of the radiation energy
from each one reaches the
surface of the other object
and this is how transfer of
takes
place. The parameter qXsol
represents the direct sun-

thermal radiation

light falling on the surface
of the building’s outer en-
velope which can be cal-
culated using the following
equation [39,41].

(2) q_solr” =1_b cos (0)
A_SL/A+I dif F Ds+l G
F_SG

And as it could be seen
from the equation 2, trans-
fer of thermal radiation has
a direct relation to the area
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To calculate the cooling
load of the building in this
study and the improve-
ments made, Design-
Builder software, version
4.5.0.178 was used. This
software uses the dynam-
ic processing engine of
EnergyPlus which the re-
sults obtained by using it
could be trusted based on
the ANSI/ASHRAE 140 ,
2001 standards [39]. This
software is widely used
in designing air-condi-
tioning systems, CFD and
etc. due to having a user
friendly graphic environ-
ment[40]. The
tions for the purpose of

determining the cooling

simula-

load of the building were
carried out in two stages.
In the first step, the BC
was simulated in three of
the hot days of the year,
3rd of June,1st of August

b jo 5l (598 g YlaiSlw 43 I Pl o pd0 ——

and 1st of July. To this end,
real conditions were used.
DesignBuilder  software
was used to obtain the
cooling load of the build-
ing. In the second step,
based on thermal radia-
tion transfer strategies (us-
ing window overhang) and
transfer of heat conduc-
tion (using the envelope’s
thermal conductivity) the
BC was retrofitted and the
data on cooling loads were
compared. The results of
the improvements made
to the BC are displayed in
table 1.

Table 1: Model description

2z

Voe

Category | Retrofit Description Model
Target NON Base Case (BS) A
= g Overhang with Y+ cm depth B
2
= =]
5 ey Overhang with ¥+ cm depth C
g g
& < verhang with %+ cm de;
|8 | T €[ Cvahmgwih cmdeplh | D
E1:|§ =
Z1E |3 E Overhang with A+ cm depth E
AEREE _
2 z @ | Overhang with )+ + cm depth F
£3
3 § Overhang with )Y+ cm depth G
9N
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of Ahvaz, Iran. The case
study was an office build-
ing and approaches to re-
duce thermal conductivity
originating from solar ra-
diation were used. Win-
dow overhangs with six
different depths and con-
duction heat transfer with
envelope thermal conduc-
tivity insulations in five
different thicknesses were
simulated using Design-
Builder software.

Methodology

Based on the studies con-
ducted, Iran is divided into
four different climatic re-
gions: cold. Mild. Hot and
dryandhotand humid[38].
In hot and dry and hot and
humid regions, a great
amount of energy is con-
sumed for cooling of the
buildings and providing
comfort condition for the
residents. In this study, it

has been tried to look into
maintaining the comfort
conditions of the residents
based on two functional
approaches, namely low-
ering conduction of radi-
ation heat and conduction
using window overhangs
and envelope thermal con-
ductivity insulation in the
buildings located in Iran’s
hot and humid regions. To
this end, an office build-
ing in Ahvaz was selected
as the case study, which
throughout the rest of this
research paper it will be re-
ferred to as the Base Case
(BC), see Figure 1 for ex-

ternal view.

Fig 1: External view of base case

N\

V0o

Z9ND



19th century. The results
showed that using ther-
mal envelope improved
comfort level and lowered
energy consumption [35].
Considering the thermal
conductivity of the outer
envelope of buildings and
the effects of wind charac-
teristics (speed and direc-
tion) on theses envelopes,
in 2015, Axapoulosa et al
conducted a study to deter-
mine the most economical
and optimum thickness of
thermal insulation for the
outer envelope of a build-
ing using Life Cycle Saving
(LCS) method. The results
showed that using ther-
mal envelope with thick-
ness of 4.25 to 15 centi-
meters thick on the side of
the building which faced
north was more efficient
than the other introduced
options [36]. Also in 2015,

b jo 5l (598 9 YlaiSlw 43 F P o

Najim studied the behav-
ior and thermal function
of the outer envelopes of
the residential buildings
in Iraq. The results of the
study indicated that using
two air layers (internal-
ly and externally) lead to
thermal resistance of the
buildings[37].

Considering the studies
mentioned in this section,
most of the energy waste
in a building is the result
of heat transfer resulting
from radiation and con-
duction. In addition, these
factors are directly related
to geographic location, cli-
matic conditions, relative
humidity and the func-
tion of the building. In
this study, the above-men-
tioned factors have been
studied using shades and
thermal insulation in the

hot and humid climate
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with automatic control
based on zone temperature
would result in substantial
reduction in energy and
GHG emission in the Ca-
nadian housing stock.

Also, in 2014, Manzan et
al undertook optimization
of light and energy con-
sumption in a residential
building using genetic al-
gorithm and ESPR and
DAYSIM software [30]. In
addition, in 2014, Carlet-
ti et al conducted a study
on increasing energy effi-
ciency in buildings using
various types of windows
and shades. The results of
their study showed that
using double glazed win-
dows equipped with VB
was more efficient in en-
ergy saving than the other
models [31].1In 2015, Thal-
feldt et al carried out stud-
ies on optimizing external-

ly used shades in European
climate using IDE-ICE 4.5
software [32].

In 2011, Omer Kaynakli
conducted a study on se-
lecting the most efficient
thickness of thermal insu-
lation on buildings enve-
lope[33].In 2015, Lianying
studied the effects of ther-
mal insulation’s thickness
on the heating and cooling
loads of commercial build-
ings in various climates in
China using Numerical
Life Cycle Cost Analysis
(LCCA) method. The re-
sults showed that using
thermal insulation im-
proves heating load more
than the cooling load[34].
In 2015, Hola et al stud-
ied the effects of using of
thermal envelope in tra-
ditional European hous-
es which were built with
wooden envelopes in the

O
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on the design of movable
solar shades equipped with
solar cells and their impact
on the energy flow of an
office. In this study, use of
smart lighting system and
installation of solar cells
showed the most saving
and return on the invested
capital [25]. Ebrahimpour
et al studied the methods
of optimizing energy con-
sumption in a university
building in Tabriz in 2012.
They used Energy Plus
software. Using a light-col-
ored envelope and shade
which was 50 centimeters
deep, they could save on
energy consumption [26].
Jian Yao et al simulated
the residents’ behavior us-
ing Markov method and
BCVTB and EnergyPlus
software in 2014. They
studied the savings on en-
ergy consumption using
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manual movable shades
[27]. In the same year, they
also investigated enhance-
ment of thermal and visual
conditions using moveable

shades[28].
Nikoofard et al studied
Technoeconomic assess-

ment of the impact of
window shading retrofits
on heating and cooling
energy consumption and
greenhouse gas (GHG)
emissions of the Canadian
housing stock. The impact
of retrofitting and install-
ing shades in a residential
building on thermal en-
ergy use, cold and green-
house gases emission was
analysed using ESPR soft-
ware in 2014. This study
only included Venetian
Blind (VB) [29] The study
found that adding % inch
light aluminum VB on the
indoor side of windows
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[19,20].

In 2011, Jian Yao and col-
leagues, using DOE-2 soft-
ware, conducted a study
on the impact of solar
shades on energy con-
sumption. The results of
their study showed that
the shades lead to a 9.4%
decrease in commercial
buildings and a 6.8% de-
crease in energy use in the
residential buildings [21].
In addition, in the same
year, they carried out an-
other study on the impact
of movable shades on en-
ergy consumption and the
energy cost. The analysis
of the data showed that
after taking the cost of in-
stalling the movable shade,
the savings on energy cost
mounted to 50% [22]. In
continuation of

their research, in 2011,
they studied the impact

of movable and adjustable
solar shades, using exper-
imental methods, in com-
mercial buildings. The re-
sults of the study showed
negligence of the residents
to lower energy consump-
tion by using the shades
[23]. In 2013, O’Brien et al
studied the behavior of the
employees working in of-
fice buildings with regard
to using shades which were
controlled manually. The
results of the study showed
that the office employees
adjusted the shades based
on quality of their visions
and the amount of light
they thought they needed
and not to lower the ener-
gy consumption and con-
trol the thermal condition
of the building [24].

Parhizgar et al, in 2013, us-
ing IGI 32 and Ecotect soft-
ware, carried out a study

O
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the Department of Energy
Efficiency and Renewable
Energy (EERE) and the
DOE have passed a joint
plan for reduction of ener-
gy consumption in build-
ings. This plan is named
the Nearly Zero Energy
Buildings (NZEBs) [9,10]
or Greenhouse plan.

According to the studies
conducted by the Inter-
national Monetary Fund
(IMF), Iran is in a group
with high energy con-
sumption in residential
sector [11] The consump-
tion of energy in this sec-
tor has risen from 2000 to
2012 as the standards of
living and comfort level
has changed [12]. The im-
portance of building and
the volume of energy used
in it has resulted in many
researchers taking interest
in carrying out researches
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in the fields related to it.
Smart controller air-con-
and HVAC
system with low energy
[13]
renewable energy sourc-

ditioning

consumption using
es [14] proper use of solar
energy [15] prevention of
waste and loss of energy
through the building walls
[16] and proper usage of
shade [17] are just a few of
these research areas. Fur-
thermore, it could be men-
tioned that the researchers
and architects, to maintain
a suitable thermal comfort
within the building for the
residence, have focused
their researches on con-
trolling the radiation heat
generated from the direct
radiation on the build-
ings’ envelope [18] reduc-
ing heat loss due to heat
conductivity of the enve-
lope and thermal bridges
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Introduction

Buildings consume about
40% of the total energy
produced in the world.
This energy is used to en-
hance human beings qual-
ity of life [1]. This is ac-
complished by changing
the environmental condi-
tions in order to provide
a more comfortable and
convenient life style. In-
stallation of air condition-
ing systems in residential
and commercial buildings
is a prime example of such
efforts [2,3]. Currently, a
big portion of this energy
comes from fossil fuels [4]
Using fossil fuels not only
imposes extra expenses on
us, but also is an import-
ant factor in changing the
climatic conditions and
destruction of the environ-
ment.

The Department of Ener-

gy (DOE) Management
of America, in an effort
to control energy con-
sumption, carried out
some research in 2012 on
the sources and sector the
amount of energy con-
sumption in the world [5].
To this end, the developed
countries such as England
have passed suitable pol-
icies and laws to reduce
energy consumption [6,7].
DOE, in America, has
categorized the volume
of energy usage into four
groups of transportation,
industry, commercial and
residential. The share of
energy use of the buildings
which are both residential
and commercial is 41% of
the total energy used in
U.S. [8]. This volume of
energy is used to maintain
the comfort conditions of
the residents. Accordingly,

22

Y

O



b0 (5l (59l 9 YloiSlw 4> STl e ——
Simulation of the impact of window overhang and

thermal envelope used for reducing conductivity on

energy consumption of an office building located in a

hot and humid climate in Ahvaz, Iran
Ve alae oS

Morteza Asghari', Hamid Yazdani?

Abstract LS

Buildings are responsible for about 40% of total energy con-
sumption in Iran. HVAC system has the largest proportion
among the building energy consuming systems. Reduction of
cooling load is one of the most concerning strategies for hot and
humid climate of southern part of Iran. This paper compares
window overhang and envelope thermal conductivity reduction
cooling load effect as two of the most favourite energy efficien-
cy methods. One of the Gas organization buildings in Ahvaz
was simulated according to both of the mentioned strategies
in 3 days of summer (3rd. of June and 1st of July and August)
as the case study. The results demonstrated that energy saving
methods regarding conduction reduction solutions improves
energy performance more than the solar gain control through
radiation reduction by installation of window overhang due to
climatic characteristics of Ahvaz. Using a poly urethane layer
in the external walls and the roof with 5 cm depth reduced the
thermal conductivity by about 7.8%, which lead to cooling load
saving on the 1st of July. where installation of window overhang
on the windows facing the equator with 120 cm depth projec-
tion only brought about 0.98% energy saving.

Keywords: Simulation; Energy efficiency; Window overhang; Theég_@} I
lope; Energy consumption. i
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different units’ layout in
Blocks 2 and 3, the maxi-
mum difference in average
annual energy consump-
tion of buildings is about
15%. The East and West
units are receiving more
solar radiation, and there-
fore, more energy is used
for cooling due to the lack
of shading effect of adja-
cent buildings. In terms of
reducing the cooling load,
block 3 has a better per-
formance than the other
blocks. Analysis of thermal
performance of Block 1
shows a reduction in annu-
al cooling load (about 36%)
which is due to the shading
effects.

As it was mentioned,
shading effect can improve
the thermal performance
of apartments. However, as
shading can decrease the
daylight, it can increase the

electricity used to provide
artificial lighting. Since this
artificial lighting is almost
used at night, therefore, it
cannot put pressure in elec-
tric system. On the other
hand, shading can reduce
the glare in buildings. Ant
it deserves a detailed study.

Chan (2015), in his study
on the effects of shading on
cooling load of residential
buildings in Hong Kong,
has reached a similar con-
clusion. Therefore, it seems
that the results of this study
are also generalizable for
residential buildings in hot
and dry climates of north-
ern hemisphere. The results
of this study can be helpful
for architects and building
designers and give them
more details on the form
and layout of apartment
buildings.
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the seventh floor is clear
(Figure 6).
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Figure 1: cooling load of southern units on the first, second and seventh floors

There is a slight decrease
in annual cooling load in
the range of 1% to 1.3% of
northern units A10, B9 and
C9in the second floor com-
pare to first floor. Annual
cooling load increase in the

seventh floor is about 11%
for all three units, which
shows a more slight fluc-
tuation compared to other
units with other geographi-
cal orientations (See Figure
7).

EUnit ®WCooling

37.3 36.8 409

0

A10s-A10s-A10s-
1 2 7

kwh/m2

31.48 31.1

B9s-1 B9s-2 BYs-7

30.8
284 281 L35

(9s-1(9s-2 (95s-7

Figure ¥: cooling load of northern units on the first, second and seventh floors

5. Conclusion

The conclusion is largely
based on the thermal per-
formance of buildings, es-

pecially the cooling load.
The design of Block 1 can
provide the best outside
view for all units. With a
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The average cooling loads
of A6, B4, and C6 have
shown in Figure 5. In com-
paring the annual cooling
load of second floor, Al in
Block 1, and B4 in Block
2 showed a reduction of
1.7% and 0.3%, respective-
ly, while there is not a sig-
nificant difference in annu-
al cooling load of first and
second floor of C6 (in Block
3) which also suffered from

mUnit

341
26.5 26.05

kwh/m?2

0

0
Abs-1Abs-2 Abs-7

24.16

IR

B4s-1

shading effect. However,
the difference between the
energy consumption of Al,
B4 and C6 on the seventh
floor is 31%, 20% and 31%,
respectively. As can be seen
in Figure 4 and 5, the cool-
ing load of Block 3 (suffers
from shading effect of ad-
jacent building) is signifi-
cantly less compared to the
other Blocks.

Cooling

29
24.09
19.6

15

B4 s-2 B4 s-7 (bs-1 Cos-2Cos-7

Figure ¢: cooling load of southeastern units on the first, second and seventh floors

In examining the annual
coolingload of first, second,
and seventh floors of A3 in
Block 1, B3 in Block 2, and
C3 in Block 3 (southern
units) with shading effects,
it was recognized that there

is an increase in cooling
loads of units in the second
floor compared to units in
the first floor (3.7%, 2.8%
and 11.1% respectively). As
it was expected, an increase
in annual cooling load of
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erage annual cooling load
for Al, Bl and C1 on the
first, second and seventh
floors of southwest facade,
one can concluded that
the annual cooling load on
the second floor has fallen
relative to other floors. As
Figure 4 represents, aver-
age annual cooling load of
Al (which has no shadow
effect) on the second floor
has fallen by 9.9% com-
pared to the first floor. A
comparison of the annual
cooling load of Bl in dif-
ferent floors shows that
the second floor has re-
duction in cooling energy

b jo 5l (598 9 YlaiSlw 43 F P o

consumption by 1.5% in
contrast to first floor. In
contrast to cooling load of
seventh floor, this amount
is 16.6%. According to the
Figure 4, there is no dif-
ference in annual cooling
loads of first and second
floors, but seventh floor
showed approximately
19.4% increase in cooling
energy consumption com-
pared to the first and sec-
ond floors. As it was men-
tioned, the exchange rate of
roofing also has significant
impact on energy con-
sumption that should be
addressed in another study.

mUnit mCooling

0 =
1 346

31.9 -
30
N 25

=20

10
5
0 0 0
0

Als-1Als-2 Als-7

28.55

2416 23.8

d |

Bls-1 Bls-2Bls-7

20.24
1632 1632 g

S
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Figure £: cooling load of southwestern units on the first, second and seventh floors
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Figure 3: Simulation of units’ cooling loads in different geographical

directions

4.3. A Comparison of
cooling load in floors 1, 2,
and 7

In order to evaluate the ef-
fect of shading on cooling
load of units in different
floors, cooling loads of A1,
A3, A6 and A10 (in Block
1), B1, B3, B4, and B9 (in
Block 2), and C1, C3, Cé6
and C9 (in Block 3) in the
first, second and seventh
floors were simulated, and
the results were compiled
in Figure 4-7. The internal
temperature equated in the
second to sixth floors, and

heat loss between these
floors was ignored. For this
reason, the annual energy
consumption and cooling
load calculations of the
above floors were the same.
So the units located in the
second floor were record-
ed in comparison charts.
On the other hand, a very
influential factor in cool-
ing load and annual energy
consumption increasing is
roof surface; and its impact
is visible in of average cool-
ing load in all units.
When comparing the av-
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tion.

In another similar compar-
ison for units A3, B3 and
C3 located on the south
side of the building, it was
concluded that the annual
cooling energy consump-
tion of B3 (71 kwh/m?2)
shows a reduction of 29.7%
and 21.9% in contrast to
A3 (101 kwh/m2) and C3
(91 kwh/m2) respectively
due to the shadow of the
adjacent building (B4) (See
Figure 3).

Units A10, B9 and C9 lo-
cated on the north side of
buildings are symmetrical
with units A3, B3 and C3
located on the south side
of buildings. The results of
simulation show that the
annual cooling load of the
northern units are general-
ly more than southern ones,
so that the A10 with an an-
nual cooling load of 262

b jo 5l (598 9 YlaiSlw 43 F P o

kwh/m2 is approximate-
ly 61.5% more than Unit
A3. On the other hand, as
previously demonstrated,
B9 annual cooling load in
Block 2 is less than A10’s in
Block 1 and C9’s in Block 3.
It can be seen that, the
tangible reduction in an-
nual cooling loads for the
southern and western fa-
cades is 36.7% in contrast
to the reference building
while it is 15% in the case
of eastern and northern
facades. In a comparison
among building floors, it
is expected that shading ef-
fects is less in lower floors.
In the next step, therefore,
different units were com-
pared in different floors.
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4.2. A Comparison of
Residential Units’ Cool-
ing Loads

In this study, thermal per-
formance of six residential
units (in all floors) were
assessed and compared in
different directions (East,
West, North and South)
for Blocks 1 and 2 and 3.
Units that have been com-
pared in different direc-
tions are shown with differ-
ent hatching in Figure 1.
Their simulation results of
cooling loads are shown in
Figure 3. Al in western side
of building 1 (which has
no shadow) was compared
with B1 in western side of
building 2 (with almost the
same conditions as build-
ing 1) and CI1 in western
side of building 3.

Annual cooling loads are
about 210, 172 and 118
kwh/m?2 for A1, B1, and C1

respectively. Therefore, C1
cooling load has a 43.8%
reduction in comparison to
Al.

The same procedure was
also performed for A6, B4
and C6 on the southeast
side of the building. The re-
sults shows that the annu-
al cooling loads are about
193, 178 and 191 kwh/m2
for C6, B4, and A6, respec-
tively (See Figure 3). The
difference between C6 and
B4 cooling load is due to
the southern broaden win-
dow and the less window
ratio of eastern wall for B4.
But according to the rough-
ly same ratio of eastern and
southern windows, C6 and
A6 have the same cooling
load. It shows that shading
effect of the southwestern
projection (unit C5) has no
effect on the reduction of
cooling energy consump-
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ing, and lighting loads, and
total energy use for cas-
es, and vertical axis shows
each buildings energy
consumption in kWh per
square meter. Simulation
results show that the shad-
ow of adjacent buildings
significantly impact on the
buildings cooling loads.
The average annual cool-
ing load of the building 1
without a shadow is about
29.9 kwh/m2 and its total
energy consumption is 64.1
kwh/m2; while in building
2, this amount is 24.9 kwh/

70

kwh/m2

alternativel
29.94689
17.40505
16.74666
64.0986

H cooling
M heating

lighting
m Total

b jo 5l (598 9 YlaiSlw 43 F P o

m2 and 59.3 kwh/m2 re-
spectively. 7.4% reduction
in average annual energy
consumption can be ob-
served. In building 3, the
eastern and western units
are under the influence
of southern and northern
units’ shading. This build-
ings cooling load is 18.9
kwh/m2, and its total av-
erage annual energy is 54.8
kwh/m2. It shows a reduc-
tion of 14.5% and 7.6% in
comparison to building 1
and 2 respectively.

50
40
30
20
: L
0

alternative? alternative3
2494
17.536
16.862

59.338

18.942

18.727
17.14

54.809

Figure Y: A Comparison among the annual energy consumption of different blocks

2z

\\As

O



= huijpglagugld g ylaidSle ;3 s jol Cupso

were installed in which the
inner layer of aluminum

Table 1: Building component specifications

frame is filled with 0.004
meters aif.

Building material Thickness heat Conduction Density
component (cm) capacity ratio kg/m"™
Ji(k=k) Wiimk)
Thin coating Y0 Vi ' NY
Concrete A+ V.80 TR
Quter wall blocks
Cement ¥ 1o %
plasters
Brick i e v
Thin coating ro Vi VN W
Inner wall Clay blocks M Az
Thin coating Y0 Wi VXY
Thin coating Y0 Wi N
Concrete b i T
blocks
Roof Lightweight h A v
concrefe
Sand ¥ Ly e
Gravel ¥ via YA Y
Waterproofing LA N ik
plaster ¥ o "
Mosaic £ Vo A
Thin coating 1 VA ' NY
Joists and b £ T
- filler block
Ceiling Lightweight v - .s -
concrete
Cement Wi ' NT
Mozaic Y0 via T Tigs

5. Data Analysis and Dis-
cussion

5.1. A Comparison of
the Annual Energy Con-
sumption

Figure 2 represents the an-
nual energy consumption
among buildings one, two
and three. Horizontal axis
shows the heating, cool-
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common among residen-
tial buildings was chosen as
the reference building. The
seven-storey building has
twelve units on each floor;
half of them face North and
the other face South. Unit
areas vary from 110 to 170
m?2. This building can re-
ceive solar radiation from
all view; it is also enclosed
by a highway from north, a
bystreet from south, and an
18 m valley from West.

During the study, two oth-
er types were recognized.
As can be seen in Figure

b jo 5l (598 9 YlaiSlw 43 F P o

1 based on the reference
building, the second type
was designed from four
sides in which two units
were placed in South, two
in North, two in East, and
two in West symmetrically.
In the third type, the layout
is the same as the second
type; the only difference
is that the southern and
northern units cast a shade
on western and eastern
units respectively.

A7 | AB | AD

A10| A11 | A2 { B12

! d
w A1 A2 8 Al AS : A6 Tt
¥

Alternative 1 Alternative 2

&1 c11| c10 co|| ca

c1 C6.

Figure 1: A schematic design of the residential complex

Table 1 shows the details of
walls, ceilings, and roofs.
The cooling system is split
and works with electricity,

heating is also provided
by package using natural
gas. The double-glazed

windows with simple glass
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sumed by the country. Av-
erage household monthly
consumption was 184 kWh
in this year.

In this study, hourly cooling
load of residential apart-
ment Blocks 1, 2 and 3 were
simulated in various orien-
tations by Design Build-
er. In order to assess the
shading effect of adjacent
apartments it is necessary
to know which surfaces will
enjoy shadow. Shadow area
of each surface depends on
the different positions of
sun during the day and the
building layout design.
Since the software engine
output is Energy Plus, it
has, therefore, the ability to
calculate simple algorithm
for calculating the shading
effect in terms of sun angles
and geometry of the build-
ing. In order to examine
the relationship between

shading effects of adjacent
elements and building en-
ergy performance, hourly
weather detailed informa-
tion, direct angle and solar
radiation are needed as the
main factors in determin-
ing solar heat received by
building. Furthermore, the
changing position of the
sun (solar azimuth and ele-
vation) to residential apart-
ments with a specific orien-
tation can affect the shaded
area and also the amount of
heat gained. In this study,
the hourly weather in-
formation was used. This
“epw” file format contains
air temperature,
humidity,

relative
solar azimuth
and elevation, air bubbles,
etc.

This research examined a
variety of building types
(more than 5 floors) in Isfa-
han. Type 1 that is the most
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obtained ways of achieving
energy efficiency by evalu-
ating the effects of various
architectural index such as
building orientation, the
amount of opening surfac-
es, canopies, natural venti-
lation and air change rate
through leaks on the energy
consumption of buildings.
This software is designed in
a way that it can allow the
expansion of meteorolog-
ical data by connecting to
the main site.

4. Case Study

Iran is located between lat-
itude of 25° N and 40° N,
and on the Sun Belt. Isfa-
han province with an area
of 107,029 km is placed
between 30° 42°-34° 30’
of latitude and 40° 37°-55°
29 of longitude. This prov-
ince enjoys an arid climate,
and the solar radiation in-
tensity is high and very

b jo 5l (598 9 YlaiSlw 43 F P o

high. In arid climate the
direct radiation is between
700-800 Kcal/h/m2 [15].
Average daily solar radia-
tion is approximately 4.7
kWh per square. The most
intense radiation (6.7 kWh
per square meter) belongs
to June to July; the least
intense radiation is (2.5
kWh per square meter) in
January. The province has
more than 300 sunny days
(with and 82% percentage
of repeat Sunny Day) and
around 3100 sunny hours.
The maximum wind speed
is 20 meters per second in
this province.

According to Isfahan Elec-
trical Distribution Com-
pany in 2011, the amount
of household sector ener-
gy consumption was 1993
kWh, which is equivalent
to 17.3 percent of the to-
tal amount of power con-
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cooling load of residential
apartments in blocks with
different configurations. To
examine shading effect, six
units (with different geo-
graphical orientation) in
each complex were selected
and their cooling load was
compared to the reference
building. The thermal per-
formance of building with
adjacent shading was in-
vestigated through energy
simulation and the results
were presented.

3.Methodology

Design Builder 4.2.0 simu-
lation software was used to
analyze thermal condition
and measure the environ-
mental factors of building.
This software is able to
calculate the heating and
cooling load, to visualize
the solar radiation on win-
dows and other surfaces, to
measure daylight factors,

and to display the position
of sun and its path every
day and hour. This software
can also calculate the ener-
gy consumption based on
climatic information in the
hours, days, months and
years, and help the profes-
sionals to design according
to real information. Design
Builder software reliability
has been proven in several
previous studies (by visit-
ing the home page of this
software, one can observed
that UK decision-making
authorities have recognized
its reliability and the results
obtained by simulation).
Among previous research-
es carried out by Design
Builder software, the study
of the behavior of office
buildings in terms of en-
ergy consumption can be
mentioned. In this study,
Design Builder was used to
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building have a significant
impact on its thermal per-
formance, so that the cool-
ing load of the building was
reduces. Rotating building
to the East decreased 6.2%
and to the South decreased
2.7% of cooling load.

Shading effect of buildings
depends on the design of
the form and shape of the
building, floor configura-
tion, and units’ layout in the
floors. Some apartments in
a building may be affect-
ed by shade of their adja-
cent apartments. In design
of residential apartments,
there are several factors
that should be considered
including building regula-
tions; site constraints; noise
control; proper landscape;
natural ventilation; and
use of daylight. Thermal
performance of buildings
is also an important fac-
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tor that should be applied
in architectural consider-
ations.

However, a few research-
es have been carried out on
the effect of shadow by ad-
jacent apartment buildings
in thermal performance
and energy efficiency. This
research aimed at evalu-
ating the thermal perfor-
mance of buildings floors
affected by the shadow of
adjacent blocks. It focuses
on the residential building
as the biggest land use in Is-
fahan located on a hot and
dry climate. In this study,
first, different forms and
shapes of residential com-
plexes were identifies; a
building without any shade
was selected as a reference
building to compare shad-
ing effect of different build-
ing shape. Second, design
builder was used to examine
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shape. This building should
be designed according to
limatic, architectural, and
urban factors. Chan eval-
uated the effect of build-
ing shadows on each other
in Hong Kong. Since the
construction of high-rise
buildings has increased in
Hong Kong in recent de-
cades, buildings are often
enclosed in the shadow of
their adjacent buildings.
This impact is much great-
er especially on the lower
floors of buildings. There-
fore, in one hand, these
floors need less balconies;
and on the other hand, the
shadows on the building
should be considered on
energy modeling and ther-
mal performance of build-
ings during design [12].

examined the effect of trees
and adjacent buildings’
shadows on energy loads of

a building in Canada [13].
Calculations have been
done by building energy
simulation software. They
selected a two-storey build-
ing as a reference building,
and the effect of orienta-
tion, distance and size of
adjacent components on
its heating and cooling en-
ergy were calculated. The
results showed that the
heating and cooling energy
can vary from 10% to 90%
annually. As a result, it was
recommended to consid-
er the external shading in
building energy simulation
studies.

In a similar research con-
ducted  building

building orientation and

ratio,

the amount of shadow on
the building were exam-
ined in Saudi Arabia [14].
Results showed that the
orientation and shading of

O
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tivities are conducted with-
in the building, creating
favorable  environmental
conditions inside the build-
ings is of great importance
[8]. Climatic design causes
the body be able to pre-
serve its temperature fa-
vorably and does not suffer
from excess or deficiency of
energy [9].

2. Literature Review

In recent years, the neces-
sity of attention to the en-
ergy crisis, high levels of
energy consumption in the
residential sector, environ-
mental issues and climatic
change have caused many
researchers, the
world, to discuss strategies

around

to optimize energy con-
sumption. There are several
architectural elements such
as thermal insulation, the
ratio of openings in walls,
materials, building orien-
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tation, green roof, dou-
ble-skin facade, external
canopy, and shading effects
of building on its envelopes
that affect the consumption
of fossil fuels and electricity
[10]. In this regard, several
studies have been conduct-
ed by researchers to as-
sess the impact of external
shading on buildings’ ther-
mal performance. Exter-
nal shading can created by
natural elements (e.g. trees
and vegetation), adjacent
blocks, or the building en-
velops itself (it depends on
building shape).

15 different
forms of common high-
rise building from the

examined

perspective of solar gain
in Tehran[11]. They then
proposed a building with
its largest envelope facing
south which can shade it-
self in summer as the best
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1. Introduction

Today, world faces two ma-
jor problems regarding in-
creasing use of renewable
energy sources (fossil); in
one hand, this energy suf-
fers from the risk of im-
minent completion due to
its limited sources [1] and
thus endanger industries
which their lives depend on
it. On the other hand, Cli-
mate change, global warm-
ing, ozone depletion, acid
rain [2] and environmental
degradation caused by the
boundless consumption of
fossil fuels have negative ef-
fects on human life quality
[3].

Statistical Research results
indicate that almost 38%
of total energy consumes
in the residential sector in
Iran. This amount is pro-
vided by 39% of oil prod-
ucts, 50% of natural gas

and the remains belong
to electricity [4]. Results
showed that in Iran, the en-
ergy use is approximately
2.6 to 4 times bigger in res-
idential sector that energy
use in developed countries
[5].

in buildings are influenced

Energy consumption

by several factors such as
local climate, location and
direction of the building,
building design, building
envelope, heating and cool-
ing systems, and building
and land use [6].air change
and inflation, the difference
between the conditioned
spaces and outside at dif-
ferent times of the year,
the free energy received at
different times of the year,
and also heat transfer co-
efficient of building outer
envelope are among im-
portant factors [7]. Since
the majority of human ac-
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Thermal Performance Investigation through the
Residential Building Envelope’s Shading Effect in
a semi arid climate of Esfahan

Heidar Jahanbakhsh™, Zahra Barzegar?, Azita Ghafarzadeh®

Abstract:

The shading effects (external components, trees and adjacent
buildings or the building itself) impact on the thermal perfor-
mance of a building. Shading effect of buildings depends on the
design of the form and shape of the building, floor configura-
tion, and units’ layout in the floors. Therefore, some apartments
will suffer from the shading created by the adjacent buildings
on the same block.This study aimed at evaluating the thermal
performance of residential buildings under the shadow of adja-
cent blocks in hot and dry climate. For this purpose, common
building shapes were selected and analyzed by Design Build-
er 4.2.0, an energy modeling software. Cooling loads of each
apartment unit were assessed and then compared in different
geographical directions. Energy modeling results showed that
adjacent blocks’ shadings have an important influence on the
cooling load.

key words: Shading Effect; Simulation of Thermal Performance; Design
Builder; Residential Building; hot and dry climate
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countries such as Canada crisis and global warming.
and Spain have to use pas- Wind-catchers can be em-
sive technologies like new ployed as a green architec-
designs of wind-catchers. tural feature in the future
These technologies can building generation.

solve the world’s energy
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thermal comfort for build-
through-
out the warm months. To

ing occupants
evaluate the ventilation
performance of this new
design, a CFD simulation
of airflow around and in-
side the wind-catcher is
carried out. Also, the dis-
tributions of velocity, total
pressure and pressure coef-
ficient around and within
the proposed wind-catcher
are investigated. The sim-
ulation results show that
there is a very small sep-
aration region within the
column of wind-catcher,
so the effective space for
passing airflow inside the
column is large enough.
As a general result, wind
velocity plays a substantial
role in the natural venti-
lation performance of the
proposed wind-catcher, so
that at higher velocities, the

ventilation performance is
greater.

The of
wind-catcher has the fol-

new  design
lowing important specifi-
cations: (1) simple design
and manufacturing, (2)
easy installation and us-
age, and (3) better perfor-
mance since it can spin and
set itself in the direction of
maximum wind velocity.
This wind-catcher design
can assist to diminish GHG
emissions and environ-
mental pollution associated
with conventional air con-
ditioning. The proposed
wind-catcher can be an ap-
propriate option for natu-
ral ventilation of buildings
in hot and dry climates.
Hence, this new design can
be utilized as a green ar-
chitectural component in
new buildings. In addition
to Middle East, different
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(a) Velocity and streamlines

(b) Total pressure

() Pressure coefficient
Fig. 9. Distribution of velocity and streamlines evolution, total pressure, and pressure

coefficient in xy-plane for inlet wind velocity of 1.5 m/s.

Fig. 9. Distribution of ve-
locity and streamlines evo-
lution, total pressure, and
pressure coefficient in xy-
plane for inlet wind veloc-
ity of 1.5 m/s.

4. Conclusion

Present study proposes a
new design of wind-catch-
ers that improves the per-
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formance of wind-catchers
in natural ventilation. A
modern wind-catcher with
an evaporative cooling pad
is designed in order to elim-
inate or reduce the restric-
tions of the traditional and
conventional wind-catch-
ers and to have a better
performance in creating
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outlet is negligible. The
wake region on the back-
side of the wind-catcher
dissipates substantial en-
ergy. Also, eddies inside
the wind-catcher, though
small, can reduce its effi-
ciency.

Fig. 9 (b) shows the to-
tal pressure distribution
around and inside the
wind-catcher in the xy-
plane. As observed in these
figures, there are high
and low pressure regions
around the wind-catcher:
the pressure is high in front
of the wind-catcher and
it decreases to its lowest
amount at the backside, as
the airflow moves past the
wind-catcher. The pressure
on the wind-catcher’s col-
umn is greater compared
to the head of the tower at
higher wind velocity. Thus,
the

relative dimensions

play an important role in
designing the proposed
wind-catcher.

By calculating the pres-
sure coefficient, the venti-
lation performance of the
proposed
can be estimated. Fig. 9
(c) illustrates the pressure

wind-catcher

coefficient  distribution
around and inside the pro-
posed wind-catcher in the
xy-plane. As represented,
the difference between the
pressure coefficients at the
air opening and inside of
the wind-catcher is con-
siderable, and there are no
large eddies and non-ef-
fective airflow rotations
inside the wind-catcher.
Consequently, the natural
ventilation performance of
the proposed wind-catch-
er is significant.
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calculations, a porous me-
dia model is computation-

b jo 5l (598 9 YlaiSlw 43 F P o

ally effective.

Table 2. Major assumptions used in the CFD simulation

Parameters Assumption
Solver Pressure based

Model SPace Three-dimensional
Time Steady
Turbulence model Standard k-2
Operating pressure VoY kPa

Operating conditions

Gravitational acceleration

-4,4Y m/s" in z-direction

Air -
Material
ater Densitv Ideal gas
Inlet of the chamber Velocity inlet
Qutlet of the chamber Pressure outlet

Boundary conditions

Other walls of the chamber
QOutlet of the wind-catcher
Evaporative cooling pad

Symmetry
Pressure outlet
Porous medium

3.2. Results of CFD sim-
ulation

The distributions of veloci-
ty, total pressure, and pres-
sure coeflicient around
and inside the wind-catch-
er are analyzed to evaluate
the performance of the
wind-catcher design. Fig.
9 (a) display the velocity
distribution and stream-
lines evolution around and
inside the wind-catcher
in xz-plane. As illustrat-

ed in these figures, the

airflow velocity decreases
after passing the evapora-
tive cooling pad. Accord-
ing to Fig. 9 (a), the sep-
aration region inside the
wind-catcher’s column is
very small; therefore, the
effective space for passing
airflow within the column
is large enough. The length
of the channel is extend-
ed sufficiently to prevent
reverse flow in the out-
let. Hence, the effect of
the wind-catcher in the
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(a) Gometrical modeling of the proposed wind-catcher and computational domain

(b) Grid generation

Fig. 8. Geometrical modeling and grid generation of the proposed wind-catcher

The commercial CFD code
of ANSYS Fluent 18.0 is
used as the solver for sim-
ulation process. Steady-
state  three-dimensional
CFD simulations are per-
formed with a standard
k-¢ turbulence model, fol-
lowing previous studies on
wind-catchers [14,15,16].
The

Navier-Stokes

three-dimensional
equations

and continuity equation
are solved simultaneously
with the turbulence model
to simulate the airflow field
[17,18]. Table 2 demon-
strates major assumptions
used in the CFD simu-
lation containing mod-
el description, operating
conditions, materials and
boundary conditions. For
evaporative cooling pad
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3. Numerical Simulation
3.1. CFD Methodology

Geometrical modeling,
development of the com-
putational domain, grid
generation, applying the
boundary conditions, and
using the commercial CFD
code for solution are dif-
ferent steps of the simula-
tion process. In this study,
using a commercial CFD
code which solves the
Reynolds-Averaged Navi-

b jo 5l (598 g YlaiSlw 43 I Pl o pd0 ——

er-Stokes (RANS) equa-
tions by applying the Finite
Volume Method (FVM),
three-dimensional  simu-
lations of the airflow field
in the wind-catcher have
been conducted. The char-
acteristics of the proposed
wind-catcher are shown in
Table 1. Also, a three-di-
mensional generated mod-
el and grid generation are
illustrated in Fig. 8.

Table 1. Characteristics of the proposed wind-catcher

Parameter Value
' Inner radius of wind-catcher's column Tem
¥ Quter radius of wind-catcher’s column lem
v Height of wind-catcher’s column VYem
¢ Inner radius of wind-catcher's head nEtem
2 Quter radius of wind-catcher’s head nEem
E Height of wind-catcher’s head ism
¥ Height of curved roof ©Yem

Percent of the air-inlet from the air openings 7777 7

¢
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be used on external surfac-
es. Further, in the proposed
system, the direction of
the wind can be detected
using a wind vane and the
wind-catchers head can
be adjusted accordingly.
The size of the proposed
wind-catcher depends on
multiple factors, including:
(1) the desired air mass
flow rate, (2) the building
size and cooling needs, as
well as (3) the wind velocity
rate in the region.

The proposed wind-catch-
ers can be used for passive
ventilation of residential
buildings, closed arenas,
and commercial and ad-
ministrative buildings. The

number of wind-catchers
will depend on the ventila-
tion rate and thermal com-
fort of the building. A com-
bination of methods can be
employed to obtain proper
ventilation and thermal
comfort. For example, one
can use: (1) a wind-catcher
and one or more windows,
(2) a wind-catcher and a
solar chimney or air heat-
er, (3) two wind-catchers in
different directions.

Fig. 7 shows an exam-

ple of using the proposed
wind-catchers in a com-
building.
play
roles: air conditioning and
lighting.

The

two

mercial
wind-catchers

Fig. 7. Application of the proposed wind-catchers in a commercial building [10].
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Fig. 5. Schematic representation of the proposed wind-catcher with circular cross-section.
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Fig. 6. A schematic illustration of (a) installation position of moisture pad in the wind-catcher and

(b) water distribution system as well as air cooling by the moist pad.

This wind-catcher can be and fiberglass. To over-
built from different materi- come main body overheat-

als, such as galvanized steel ing issues, light colours can
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a space between internal
and external parts of the
column (Fig. 4, section
x-X), and the wind-catch-
er’s head can be placed in-
side it.

2. Head: This part is
adjustable vertically. Also,
it can spin and set itself
in the direction of desired
wind velocity. In order to
cool down the inlet airflow,
a small pump is used to
circulate and spray water
on an evaporative cooling
pad. The roof of the new
design is inclined to pre-
vent water leakage inside
the wind-catcher’s column
and the building during
precipitation.

3.
trol the airflow entering
the building, two slid-
ing windows are installed
at the bottom of the
wind-catcher’s

Windows: To con-

column.

These windows can be
opened or closed manually
or automatically.

In conditions that proper
wind speed is accessible
from different directions
at various times of the
day/season, a proposed
wind-catcher with a rotat-
ing head capable of setting
itself to allow maximum
input can be used. The
cross-section of the rotat-
ing wind-catcher has to be
circular (Fig. 5). A sche-
matic illustration of instal-
lation position of moisture
pad in the wind-catcher
and also water distribu-
tion system as well as air
cooling by the moist pad is
shown in Fig. 6.
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{a) Rectangular cross-section

43
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(b) Circular cross-section

Fig. 3. A view of the two proposed wind-catcher
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Fig. 4. Schematic representation of the proposed wind-catcher with rectangular
cross-section.

The of
wind-catcher includes the
following ~ components:
1. Column: The col-

new  design

umn of the proposed
wind-catcher is fixed. It
can be installed on top
of the building. There is
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Traditional and conven-
tional wind-catchers have
several restrictions, which
some of them are [1,9,10]:
1) Air openings of the
wind-catchers allow enter-
ing of small birds, insects
and dust in building,

2) The wind-catchers’ head
is immobile and mostly
cannot catch the optimum
wind velocity,

3) A portion of air-
flow entering from the
wind-catcher  (excluding
one-sided wind-catchers)
exits without any circula-
tion in the building,

4) Low performance in the
areas with very low wind
velocity,

5) Significant erosion ver-
sus precipitation, sun and
wind, as well as restriction
in building and installa-
tion,

6) The quantity of coolness,

which can be accumulated
in the mass of a traditional
wind-catcher, is normal-
ly restricted, and may not
be sufficient to provide
the cooling demand of the
building on warm days.

To
these restrictions, a new

eliminate or ease
wind-catcher is designed
to take advantage of moist-
ened pads. The cross-sec-
tion of the proposed de-
sign can be a square, a
rectangle, or a circle (Fig.
3). Fig. 4 illustrates the
schematic design of the
proposed wind-catcher in
detail.
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the traditional and conven-
tional wind-catchers into
four general groups: (1)
one-sided wind-catchers,
(2) two-sided wind-catch-
ers, (3) four, six, eight-sid-
ed wind-catchers, and (4)
cylindrical wind-catchers.
In areas with specified and
pleasant wind direction,

b jo 5l (598 g YlaiSlw 43 I Pl o pd0 ——

one-sided wind-catch-
ers are utilized. But for
areas with variable wind
other types
of wind-catchers are em-
ployed. Fig. 2 shows
different types of the

wind-catchers in various

directions,

forms.

c d
Fig. 2. (a) A view of( a) one-sided wind-catcher in Ardakan cit)(l, )Yazd province, Iran
[6,15], (b) two-sided wind-catchers of the underground water reservoir in Dowlat
Abad Garden, Yazd, Iran [6,15], (c) a two story wind-catchers along with the dome
(Kolah-farangi) of the Aghazadeh mansion in Abarkuh city, Yazd, Iran [6,15], and
(d) a cylindrical wind-catcher in Yazd, Iran [1,10].
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M.R.Khani et al. [12,13]
have introduced a modular
wind-catcher with wetted
pads to use in hot and dry
areas. They experimentally
and analytically evaluated
the modular wind-catch-
er's performance. The
results showed that the
modular wind-catcher can
reduce the air temperature
considerably and enhance
the relative humidity of air-
flow in the building. Fur-
thermore, this wind-catch-
er can create a mass flow
rate entering the building
due to buoyancy force. The
principal benefit of this
kind of wind-catcher is
that its construction cost
is lower compared to other
wind-catchers.

The main purpose of this
study is to introduce and
investigate a new design
of wind-catcher with an

evaporative cooling pad.
To evaluate the ventila-
tion performance of this
design, the airflow pat-
terns around and inside
the wind-catcher are sim-
ulated using a CFD code.
Furthermore, the distri-
butions of velocity, total
pressure and pressure coef-
ficient around and within
the proposed wind-catcher
for various wind velocities
are investigated.

2. The Proposed
Wind-Catcher
Traditional and conven-
tional wind-catchers with
various shapes have been
used in the Middle East
for many years to estab-
lish natural air condi-
tioning and facilitate air
circulation in buildings.
Dehghani-Sanij et al. [10]
and Bahadori and Deh-
ghani-Sanij [1] classified
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enough. Dehghani-Sanij
et al. [6-10] have conduct-
ed several studies on pas-
sive cooling and natural
ventilation systems, such
as wind-catchers in hot
and dry climates. Their
studies demonstrated that
wind-catchers were sufhi-
cient solutions to make
pleasant cool air in build-
ings. Two new designs
of wind-catchers, which
can be used in windy re-
were

gions, proposed

by Dehghani-Sanij et al.
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[10]. These wind-catchers
can be installed on top of
buildings in the direction
of maximum wind ve-
locity. Furthermore, they
suggested that the mod-
ern wind-catchers can be
utilized combined with
one or more windows,
and another wind-catcher
in a different direction, in
combination with a solar
chimney, in order to im-
prove their performance
in buildings [10].

‘Wind Direction
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.
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Ceiling regisiers

—— Walls —§

1 D2
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/nu.nmwu
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(b)
Fig. 1. (a) Cross-section of a wind-catcher with wetted columns, and (b) cross-sec-

tion of a wind-catcher with wetted surfaces, with a solar chimney [1,10,11].
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1. Introduction

Wind-catchers are small
with  different
shapes and structures in-
stalled on top of buildings.

towers

For centuries wind-catch-
ers are used for ventilation
and cooling of buildings
in the hot and arid or hu-
mid areas [1]. The first
wind-catchers were built
approximately 1200 years
ago in the central and hot
and arid regions of Iran
[1].  Subsequently, the
technology spread to oth-
er regions of Iran, other
Middle East countries, and
Egypt. By guiding the out-
side air into the building,
wind-catchers serve as a
natural ventilation system
for workplaces and houses.
Bahadori [1-5] has per-
formed some valuable
studies on passive cooling

systems in hot and dry re-

gions. He suggested two
modern wind-catcher de-
signs, wind-catchers with
wetted columns and wind
catchers with wetted sur-
faces as shown in Fig. 1,
to improve their perfor-
mance [1-3]. Bahadori et
al. [1-5] theoretically and
empirically  investigated
the operation of both new
designs
their performance with
conventional wind-catch-
ers. They concluded that

and compared

the modern wind-catch-
ers had a better thermal
performance compared to
the conventional ones at a
lower temperature and a
higher relative humidity.
In addition, the efficien-
cy of wind-catchers with
wetted columns is higher
than other wind-catchers
in the regions where the
velocity of wind is high
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A new design of wind-catcher with an evapora-
tive cooling pad

ARRTA

Farshad M. Kashkoolia', Alireza Dehghani-Sanij*’, Madjid Soltani">**

Abstract:

The main purpose of this study is to introduce and investigate
a new design of wind-catcher with an evaporative cooling pad.
The new design includes a fixed column, a rotating and movable
head, an air opening with a screen, and two windows at the end
of the column. The designed wind-catcher can be installed on
roof-tops to take advantage of ambient airflow. The wind-catch-
er’s head can be controlled manually or automatically to cap-
ture optimum wind velocity due to desired thermal condition.
To maximize its performance, a small pump was considered
to circulate and spray water on an evaporative cooling pad.
A computational fluid dynamics (CFD) simulation of airflow
around and inside the proposed wind-catcher is conducted in
order to analyze the ventilation performance of this new design
of wind-catcher. The simulation results illustrate that the new
wind-catcher design with an evaporative cooling pad can be a
reasonable solution to improve naturally the thermal comfort of
buildings in hot and dry climates.

key words: Wind-catcher; Natural ventilation; Thermal comfort, CFD
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