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Abstract

This paper is an attempt to evaluate ventilatiorfgrenance in YAZDI wind tower with aid of an expeental study. Wind
Towers has been known as one of the most effetitivatic elements in Iranian traditional architeceuand performance of
wind tower is air conditioning and air suction, dimg nutrition and preventing of putrefaction of teain water storages.
Iranian Wind towers have been categorized in thnaén types, ARDAKANI, KERMANI and YAZDI, and tlaipgy deals with
YAZDI wind tower. First, an analytical model defihend then case studies modeled in Vasari softvesmaronment,
furthermore theoretical modeling presented to assih® accuracy of measurement procedures and tlertanty of
experimental modeling. Modeling and Simulation méthand Logical reasoning have been applied tattiele, and study of
Library Resources was another part of research.uRgsndicated that YAZDI wind tower with four ofreys has a positive
air flow rate in hot seasons (air flow rate=+0.018)so air flow rate in cold seasons is positive {a@ flow rate=+0.012).
Therefore YAZDI wind tower regarding to its perfamse in the whole year can be categorized as aciexft device in its
climate, Also with the aids of some simple devicagjral ventilation performance can be increased.

Keywords: YAZDI wind tower, Simulation, Wind velocity, Ao, Efficiency.

1. Introduction

In the beginning of new century, energy consumption
in parallel with economic and technological devehamt
has been increased, and will be upraised sdran.with
one percent of world’s population has a nine pdrpant
of energy consumption, also in the last decade the
capitation of energy consumption in Iran grows ttinges
more than universal average [1]. According to
Mostafaiepouy it is well known that fossil fuels have
limited resources and at current rates of expioitathey
are expected to deplete within the next centufidss is
one of the reasons why clean, sustainable and
environmentally friendly alternative energy resasare
currently sought [2]. Thus, usage of clean resaumed
passive systems like wind, solar radiation and, seems
necessary. Particularly, wind energy is an attvacsiource
of renewable energy employment in many countriethén
world, and the positive impacts of wind energy bmate
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change mitigation, as well as opportunity to dirsimi
energy dependency is indisputable.

Wind tower or what is called Baud-Geer in Persian
language has been employed in arid central regbhsn
and the neighboring countries to provide natural
ventilation and passive cooling. In these regioms @ the
hot summer time, the buildings used to have special
architectural features and components in orderrédept
the occupants from the harsh outdoor environmdnilf3e
wind tower systems come in various configuratiansuit
various building type and requirements such as the
incorporation of solar panel (solar chimney) anghtli
pipes to boost stack effect. By using of fluid memies
principles it can be estimated that height, cresgien of
the air passages, placement and the number ofrayeas
well as placement of the wind tower with respecttte
structure it cools greatly affects performance dhdwv
towers. [4]. Wind towers consists of different gastich as
openings, shaft, partition: main partition and sdiasy
partition and etc., which some of them are justréaching
elegance and some are functional and some are Wi,
towers constituted a system of natural ventilatibat
could also be used in evaporative cooling (Figurél
stated wind towers are designed to catch the wimigher
levels and to induce it into the living space byings
thermal and pressure gradients [5].

Numerous studies have been performed around wind
tower subject. Bahadori [5], by computer modeling a
numerical assessment of a wind tower, calculates ai
temperature in different parts of the wind towestsaft.
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Dehghani [6], by experimental calculating of three demanded data obtained. Then, wind tower had been

parameters of wind which are temperature, moisture modeled and then by applying [16] climatic and nrioa
mass flow of a wind tower in Tehran, concluded tthdg data obtained through calculations, the wind tunnel
traditional method with some changes can be useful simulated and models had been analyzed. All inrediults
nowadays. Mazidi [7], by numerical assessing ofebol presented in the diagrams and simulated figureg] [1
Abad garden wind tower concluded that air tempeeatdi Thus, first analytical method is described firsterth
pip out wind in this wind tower with wet or dry $aces modeling process defined in detailed explanationthis
are the same and their changes are negligible. Motm study it was assumed that no short-circuiting ainfioa

[8], by modeling YAZDI wind towers in Yazd city, through window can be obtained using algebraic sdm
evaluated the thermal behavior of YAZDI wind towarsd these two values.

presented an accurate typology of wind towers irzdva

city. Montazeri [9], compared one sided and twoedid 2.2. Ventilation performance of wind towers

wind towers and concluded that two sided wind tewame

more efficient in thermal behavior. Kalantar [10} b Two methods can be considered as performance of
comparing wind towers with wet surfaces and drfasas wind towers, one with air flow and another withaait
indicated that the first one is more efficient. ISé\ flow. In the first method, when air flow directed wind
Montazeri [11], by modeling a two sided wind towar tower and attached building, wind pressure diffeesn
1/40 scale maquette and analyzing in a mechanigad w occurs at all opening and different levels of binigd This
tunnel, concluded that these wind towers have ipesit pressure calculates from equation [a]:

performance. [a] P=C j/pV*
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Fig. 2. Process of research method [Authors]

Bouchahm [12], by numerical modeling indicated that In this equationP is pressure is specific gravityV is
wind towers with more height and smaller partitiitth velocity of wind, andC,is the wind pressure coefficient
are more efficient in natural ventilation and alow. [15]. Also the pressure difference between the mgsn
Authors in another research [13] have studied eloaity toward to the each funnel of wind tower calculatezin
and pressure influences in YAZDI and Kermani wind equation b. This pressure difference causes a ierta
towers in order to choosing efficient one. The pr¢s amount of air flow in wind tower, which calculatém
paper is a continued research regarded to Mahdadine equation c.
and Javanroodi (2012) and assesses YAZDI wind tower [b] AP=P-P= (C,-Cy) ¥%pV*
natural ventilation performance with a sample roand [c] Vij=APR
calculates induced air velocity in to the room, sththis In equation by is volume of air flowAP as pressure
study is an innovative research to completing nevi difference, R represents air flow resistance, and j
researches. represent the funnel, ang represent the air path [16]

With air pressure differenceP;, betweeri andj funnel in
2. Materials and M ethods terms of air flow resistance in the way it is, thie flow
according to equation c is established, which mdeoma
2.1. Research methods wind tower funnel directed to wind)(air flows in, and

from opening j) will pop out from building. Thus, by
The paper has app“ed mode”ng and simulation USing air flow netWOfk, we can determine the amooint

methods along with analytical methods [14]. Modglin air flow in any direction or duct. The air duct pes
process is performed by Autodesk Vasari Beta 2rSive through a heat exchange with the surrounding sesfand
(Figure 2). [15] At the first step, analytical mdidg its temperature will change [1]. Figure 3 is shayihe

through several complicate equations performed and behavior of a multi openings wind tower and introelsiits
parts, and also showing the plan of a house which i
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assumed for this research. The building which assuim

this paper is shown in Figure2. The case studhefiaper

is located on wind tower mark and the fifth side of
building has a 1.5*1.5 meters opening which cause a
difference pressure between number one, two, three
four opening in wind tower.

Wind angel
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Fig. 3. A: the assumed plan for research, B: behaviorrtiki
openings wind tower and its parts

Tablel5 Year period average of

3. Results and Discussion

YAZDIwind tower has been modeled in Vasari project
beta 2.5 Software. The wind tower is connected to a
sample room. The sample room is a square with 600
centimeter length and 300 centimeter height, wiioh
wind tower was erected beneath the wind tunneluig
5). Regarding to the study assumption all dimerssiand
conditions in the sample room and shaft are eqUarDI
wind tower with four openings and opening numbeu tsv
directed to prevailing wind, likewise (Figure 3)jnfalated
contours are presented in two main part, planssactions
and are showing air pressure and wind velocity.0Als
Table 1 and 2 and 3 are showing climatic data fazdr
city, calculated € for openings and also pressure
difference for each opening and the opening of $amp
room.

synoptic climatic dat¥afd city

Station Parameters Jan Feb Mar Apr May Jul Jun Aug Sep Oct Nov Dec aSVZrzagre
Yazd Windvelocity 59 59 91 97 10 88 96 87 8 6.5.2 57 7.7
city Wind direction 37 110 75 92 114 179 162 75 19 70 720 89
[22].
Table 2 C, coefficient determined for each opening in eacimtmafYAZDIwind tower
Jan Feb Mar Apr May  Jul Jun Aug Sep Oct Nov Dec  Annual
-0.74 0.4 -0.48 -0.45 0.9 -049 -042 -0.39 -0.690.74 -0.49 -0.66 0.6
c -035 -034 -03 -0.33 -043 -036 -055 -0.61 420. -0.35 -0.36 -0.36 -0.36
P07 -0.3 -048 -045 -0.29 -049 0.83 0.83 0.11 .7-0 -0.49 -0.5 -0.28
0.88 0.65 0.86 085 -0.34 -086 -057 -0.64 0.85880. 0.86 0.89 -0.5
-0.35 -0.13 -0.29 -0.28 -0.03 -0.3 -0.12 -0.13 10.3-0.35 -0.3 -0.34 -0.09
[Authors]
Table 3 Pressure difference between openings and windokeiai wind tower
Parameters  Dec Nov Oct Sep Aug Jun July M ay Apr M ar Feb Jan  Annual
P1 -11.79 -7.28 -18.27 -22.88 -16.23 -21.28 -20.87 495 -2328 -2186 7.65 -141 19.56
P2 -6.43 -532 -8.64 -14.78 -2539 -27.87 -1533 -23.65 -17.03 -1594 -6.50 -6.70 -11.73
P3 -8.93 -7.28 -17.28 3.87 3455 42.07 -20.87 -1595 -23.28 -21.86 -5.74 -13.40 -9.13
P4 1590 12.78 21.72 29.92 -26.64 -28.89 -34.07 -18.7 4398 38.71 1244 1244 -16.30
P5 -6.07 -446 -864 -1091 -541 -6.08 -12.77 -1.65 -1448 -13.20 -248 -6.70 -2.93
P15A -5.72 -282 -969 -11.97 -1082 -152 -8.1 51.16 -9 -8.66 4.13 -7.40 22.49
P25A -0.36  0.86 0 -3.87 -19.98 -21.79 -256 -2191 -255 -2.74 -4.08 0 -8.8
P35A -286 -2.82 -864 1478 3996 4815 -81 -143 -88 -866 -3.09 -6.70 -6.20
P45A 2197 1724 30.36 4083 2123 -2281 213 -17.05 5846 5191 1492 19.14 -13.37
vV 13.03 1246 12.03 39.77 30.39 -11.65 2.54 -2.1  38.11 31.85 11.88 5.04 20.86
[Authors]
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Fig. 5. Yazdi wind tower modeling data [Autho
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Figure 7 and 8 shows the top view of the passes flo
through the four-sided wind tower and air pressate
outside and inside of it. Visualization tests shoais
pressure at the four openings, as it is clear presglue
at windward opening is larger than other three o
Also pressure coefficient at windward opening is
consequently the highest value among the otherss Th
means that windward opening drives fresh air irwind
vent and openings number 3 and 4 acts as an exyenist
Figure 7 shows air pressure distribution at windeoand
the sample room. Air pressure value at the windowd a
leeward opening is high enough to prevent indudedoa
leave. Figure 8 shows wind velocity at the top viefv
wind tower, as it is obvious windward opening and
leeward opening drives fresh air at a high valuiwind
vent and opening number 3 won't induce air in te th
shaft, and opening number 4 only drives a littleoant of
air in to the shaft. Therefore, this wind towerfpemance
has some advantages and disadvantages. Firstigyvard
and leeward openings induce large deal of air aind \n
to the wind tower vent. Secondly, pressure valughat
window and inside of sample room is high enough to
prevent air exhaustion through them. BUAZDI wind
tower has an important disadvantage, opening nuriber
and 4 because of low value of pressure coefficetd as
exhaustion vent. These openings decrease inducédmi
windward and leeward openings. All in adAZDI wind
tower has a positive average performance througlydiar
and is a useful device for natural wind tower.

The velocity of air flow at the shaft and samplermin
July is at highest level and in January is the, letich both
are positive points (Figure 9). Totally in wintexdaautumn
the air flow velocity is too low, which is an advage for
YAZDI wind tower. Analysis indicated that in the summer
and spring seasons (July, August and October) laiv f
velocity and enteral air flow is efficient. But fune and
September is too low due to its value in the wirded
autumn seasons. Also the average air flow veldagigpring
is lower than this value in winter, which is a drea
disadvantage folYAZDI wind tower (Table 9). However
climatic characteristic in the Yazd city is diffatefrom
Kerman andArdakan in which wind velocity is lower than
those cities. All in all the performance of thisesiiic

F 8. Wind velocity simulation contou at pland iutodesk Vasari Beta 2.5

YAZDI wind tower except in June, May and September in
hot season is positive, but the average enterahrair air
flow velocity of cold seasons is higher than hoassms,
which is totally insufficient (Table 4).
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Fig. 9. Wind velocity at the entrance opening of wind towreto
the sample room.

7. Conclusions

Simulated figures and diagrams extracted from the
software in this paper indicates that the architectand
designing of wind towers are so genius and everadays
by more investigating on the principles of its sttwe and
researching on its performance can be used forugtimh
of ventilation channels and natural ventilation teyss.
Also results shows that cooling capacity and optédi
efficiency was one of the most important principles
designing of wind towers. Increasing the number of
openings regard to two sided or one sided wind tswe
the sampleYAZDI wind tower has many positive and
negative points so that a specific wind tower carfmean
absolute advantage over another one, and eachtowvet
according to the climate in its area and region parform
better. The height of wind tower did not impactedity on
the analysis but also indirectly by making air tugmce
and wind pressure was influential. With accurate
simulation and modeling can be found clearly that
traditional ventilation systems have many untappectets
and notes that to find these points we will requineher
investigations in this area.
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Table 4. Advantages and disadvantage¥ 8ZDIwind tower

= s Winter Spring Summer Autumn
2 -S Air flow in the in June is
B % %’ Large amount of air too low comparing to the ) )
g é E suction in April predominant wind direction
= ? especially in April
>
G c
8 % 2 Constant air pressure in the non-directed opernimgard predominant wind direction which
al g-%’ causes air flow reduction and even air suction@ddbhem
G E
O Not efficient use of maximum wind velocity in thear opening to the predominant wind direction
c Winter Spring Summer Autumn
B 5 — —
L5 . . Positive Efficient
£ 8 Efficient performance  Good performance in air . .
25 - . ) L performance in  performance in air
@ [ in air flow and wind flow and wind velocity in . .
c £ ; ; air flow and flow and wind
2 <® velocity April . . .
£ wind velocity velocity
@
> c . . o . . . .
g % 2 High air flow velocity in three opening and onlyeoapening (left) act like a suction vent
a
2
o -~ . _ . . , L
O® Sufficient air ventilation from three openings agabd air flow and wind velocity inside

[Authors]
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