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Numerical analysis of the performance of four-sided wind tower attached to
parlor and courtyard in different wind incident angles
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, hydrodynamic behavior of four-sided wind tower attached to parlor and courtyard of a
Received 09 August 2016 scaled model from existing historical house with wind incident angle as variable was numerically
Accepted 25 October 2016 investigated. Hazire-ei house wind tower, which has six channels with rectangular cross section,

Available Online 03 December 2016 integrated with parlor and courtyard is considered among the most typical ones in the vernacular

architecture of Yazd city. This article seeks to investigate the performance of four-sided wind tower

E(zm?lﬁz regarding suction and supply amount of air, and the way it was used as a vernacular solution for natural
Mixed Convection ventilation in order to provide engineers with design guidelines for contemporary use. Numerical study
Sinusoidal Channel was conducted on a 1:25 scaled model and for 13 wind incident angles with 15 degree intervals.
Magnetic Field Interested parameters are mass flow rate and flow direction in each channel. A structured mesh was

Entropy Generation generated and ANSY'S Fluent software was used for numerical simulation. Numerical modeling results

were validated against experimental tests conducted on the same scaled model and good agreement was
observed. Results indicate that in 61.5% of incident angels, four-sided wind tower acts to draw the air
out of building and in other incident angels with approximately equal amount of supply and extract rate,
it operates as an air exchange unit. Accordingly, it can be concluded that putting aside stack effects,
four-sided wind towers in dry regions of Iran are mostly employed for heat dissipation rather than
inducing outdoor cool breezes.
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Fig. 9 wind incident angels and naming windcatcher details

5ol Sl 638 RL 5 Al (gLl 9 JSi

Gy g ol gleailas o pzes a8 0 S > GUT s 4 oL >
00iS ;Sol e 4 U1 by olideS sl 5, FUSE b sl
i) alox aysly s 1 1Fol o Slas oy jsliten [2] 05t 00
S o 50 atly o yaie plyiear bz Saz g 0 (Gedos Jitee
Golotnd 5 228 Glales] polie Soop Bl o8, e sl S5 a4y p3Y
Ol pds dzgie polie CoeS slow 1) 353 aST Lol> Gudios csoue
250l o Slee obj,l 50 oo ool Ojle oo Ao calisie (sblg; 0 o]
&l oS o Ll sl s o] (56 b g ok ied yate SO glgiea
@SS (e @0 S e aly 0 Sl QLI s
ol S Jade Glp a5 cenl pps cnl als aile JST (5995
ESSCHI KIEI RS S5 TR AP SCHIS T K
G o I ey 5 9959 Rl Oliee b 250k S 4 Sy polie 6l
WS o Jos lgp 00iS LAy ges

-5
3 5Seb s soue gilead @l 5 Ol asllas l isu ol o
S o bl Al s g jslaiedy 0ed 0 &l 5 55 alise slls

130



ol 9 63LTaexo SUEDS s

Sl 3 95 ilike bl 23 BT re blia 9 HVG & Judie Al U )15 b 3 pSles 33 Julxs

0.025 ~
0.020 4
0.015
0.010
0.005
0.000

-0.005

Flow rate (m?/s)

-0.010

-0.015

-0.020

-0.025 -
0 15 30 45 60 75

ocCl mC2z @C3 BC4 acs Oce

90 105 120 135 150 165 180

Attack angle

Fig. 10 Comparison of extract and total supply flow rate of windcatcher channels in all wind incident angels
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Fig. 11 Contour of z velocity (m/s) in cross sections of windcatcher at
zero wind incident angel
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Fig. 12 Contour of z velocity (m/s) in cross sections of windcatcher at
90° wind incident angel
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Fig. 13 Contour of z velocity (m/s) in cross sections of windcatcher at
180° wind incident angel
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Fig. 14 comparison of total extract and total supply flow rate of
windcatcher in all wind incident angels
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