World Renewable Energy Congress i) 4
. )
© 2000 Elsevier Science Ltd. A} r.'g(thE

Editor: A A,

WIND TOWERS AND WIND DRIVEN VENTILATION
G.S. BATTLE, M. ZANCHETTA, P. HEATH

Battle McCarthy Consulting Engineers
10 Poland Street, W1V 3DF, London, United Kingdom

o

ABSTRACT

Passive cooling techniques driven purely by natural wind forces present a highly attractive enVironmenu“
solution in the perspective of low energy architecture. The physics governing passive cooling are way :
understood and have been extensively discussed in the literature. Indeed the necessary design details thay :
must be incorporated to achieve the full potential of the technique, such as exposed thermal massive and

good internal and solar gain control, are also well understood. Furthermore, the mechanisms by which
occupant comfort is achieved can be quantified allowing various designs to be iterated towards the optimun
solution.

| giferent O :
| gnsniation of the wind tower/scoop were

However, issues concerning the design and sizing of apertures for ingress and egress of the ventilating airare
less clear, and in particular, there are few "engineering” methods available to size wind towers and wing
scoops. The present paper discusses the wind tower calculation method, developed by Battle McCarthy, in
conjunction with Imperial College. The calculation method, derived from extensive wind tunnel testing.

provides the designer with an accurate engineering tool for determining the size and number of wind towers. |

and scoops for use in natural ventilation.

INTRODUCTION

Collaborative work between the aeronautical and building industry is once again leading the way in

understanding how best to "engineer" a building. Whereas in the past structural engineers utilised the benefils

of wind tunnels to asses and minimise wind loads upon the buildings, buildings are now being designed.o-

utilise the positive aspects of wind. It is now the turn of the environmental engineer to work along side the

aeronautical engineers, to understand air movement and pressure differences around the building, and

capitalise on these to provide the most efficient natural ventilation system.

The solutions to providing wind driven ventilation are often “simple®, traditional forms, which if developed atan
early stage of the design process can produce low energy, low maintenance buildings. Buildings are béing
now being designed to both capture fresh air, using wind scoops, and extract the air via wind towers. These
traditional devices can be adapted and improved to provide a simple and effective means of ventitation for
even the most demanding buildings of the future.

This paper concentrates on buildings that utilise "wind driven* ventilation by means of a wind tower or wind
scoop, as opposed to solar chimneys, which rely on stack, or buoyancy driven effects. The wind tower / s¢0%
utilises the natural pressure created by the interaction of the building form with the local wind environmen.
There are a number of advantages of wind driven ventifation over the solar chimney. Most importantty, W
driven ventilation is a more powerful mechanism compared to stack effect at typical temperature differencé
encountered in building design. Wind driven ventilation is also particularly suited to temperate zories, Whef®
relatively strong prevailing winds may be relied upon during the summer.
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ect or designer to take full advantage of wind forces, an understanding of the interaction
ent is required.
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igni i i ilati i i is clear: inlets must be placed in areas
signing for wind driven ventilation using wind tgwers is c ' ) .
ska Whiﬂifee p?essgre and the wind tower must be located in an area of relative negat.we press'ure. Thlﬁ
grele poarence created between the inlet and the outlet locations, will then serve to drive the air thrgug
simila'rly. wind scoops, must be placed in areas of positive pressure and air extract locations,

e g, s of relative negative pressure.
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i j i i i lculation method for determining
n conjunction with Imperial College, have developed aca . I
lber ofl wind towers and scoops for use in natural ventilation [1). Thls mgthodology. wr_uch
1% < the designer with an accurate engineering tool, was developed from extensive wind tunnel testmg,
= y\dq: Sdisc;ussed in the following sections. The work was funded under the Department for Transport,
. |

| gparonments and Industries "Partners in Technology Program”.

INVESTIGATIONS INTO THE PERFORMANCE OF WIND TOWERS and WIND SCOOPS
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Fig. 1. Boundary layer profile used in the present experiments

Models

The basic test geometry is a flat roofed square building, 20m (full scale) in length and 10m (full scale) high,

figure 2.




Fig. 2. lllustration of basic test model used in experiments

Experimental approach

For each combination of tower/scoop design parameters, the mass f i ;
characteristics were measured experimentaily. To do so, th'e wind tunielIZ‘?:Iai:erlnsLl:deir:gtergilmg;m
;:onnacted to a device capable of_prpviding a given mass flow rate (both supply to the buildin g -
owers and exha_mst from the building, to tests wind scoops), figure 3. Building internal pressure

measured, relative to the static pressure of the freestream. In this fashion, the performancev?ts:al;

combination of design parameters i i
gty gn p rs could be tested independently of the other openings that will be prosey
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Fig. 3. Schematic of test set-up, flow is from right to left.

Typically, one finds that for a wind tower, the intern, ini '
) y: [ ' al pressure reaches a minimu | '
iS zero, I.e. no mass is being drawn through the device. As the mass flow thrc;ughn:hv;h;:vi?: i:ﬁ:g:]:;s:ﬂ?% | oast tower is not dependent on the size of the wind tower. An increase in diameter size will be directly

pressure within the building must increase, in order to "drive" the given mass flow,

The mass flow through the device is progressively increased from zero, the point of maximum pressu

difference, up to some upper iimit. The internal pressure is measured and reduced to the internal pressue |

coefficient, given as:
BoPe
R VET IV
v':here .U't‘ p. and p are the freestream velocity, pressure and density measured at eaves height in absenced
the building, respec@wely. The mass flow is used to calculate the air speed in the device, Vwr, Which B
expressed as a function of the eaves height velocity.

g, for testing wing
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RESULTS

Effect of device height

fist test was to assess the effect of increasing the height of each of the devices {chimney wind tower, oast
¢and wind scoop). Each device is placed in a central position on the flat roofed model. The effectiveness
o device is then tested at 3.5m, 5.5m and 7.5 m full-scale height above the eaves. It is found that for each
rease in height, the performance of each of the devices is improved. This is due to the fact that the wind

od is greater at the increased height.
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Fig. 4. Effect of device height; oast chimney and windscoopp.
A comparison between the wind towers (the chimney and the oast tower) shows that the chimney performs
belter than the oas! tower. The intemal pressure difference is greater at zero mass flow and also for a given

pressure difference, there is a greater mass flow.

The Diameter of the Device

The wind towers and wind scoop were then tested to assess the effect of increasing the diameter of the
paticular device. Each device is placed at a height 5.5 m above the eaves, in a central position on a fiat

! joofed building. The diameter of the devices tested were 2m, 2.5m and 3.2m. The performances of the both

lhe chimney wind tower and oast tower are improved as the diameter is increased.

Generally the results show similar trends that indicate that the internal pressure of the chimneys is
idependent of the size of the wind tower. This means that suction {negative pressure) over the chimney and

proporiional to the flow rate, due to the increased volume of air that passes through the wind tower. The size

o the wind tower will not effect its efficiency, but only the volume of air that passes through it.

The performance of the wind scoop does improve as the tower duct velocity is increased. Again, it is
concluded that the size of the scoop does not effect the performance in terms of pressure, however a larger
device will be able to provide a larger volume of air.

The position of the device on the roof

Each device was fixed at a height of 3.5m above the eaves and was tested in a number of differing locations
on the flat roof model. The test locations were the windward edge of the building, the centre of the building and
the leeward edge of the building. Results were also taken at two building angles; with the building square on to
e freestream direction (0°), and the building at a 45° angie to the freestream direction. The device was not

| otated and was kept orientated away from the freestream direction for the extraction devices and facing the
| lteestream direction for the wind SCoops.
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The results show that the wind towers are most effective at the windward edge of the building (P Ll Computational Fluid Dynamic studies
largest negative pressures), and least effective at the leeward side of the building. The oast tower :

‘& . . . f CFD against the
position upon the roof (building angle 0°) is so ineffective that it actually produces a positive Pressyre o . of Computational Fluid Dynamic analysis were snmulr;:ed tcisro;zsa;et:‘gecag;:ﬁ?tlignal Fluingynamic
efficient (due to re-circulation), The position of the wind SCoop is not critical, as pressure coefficients are i A-mainei testing. These results were then plotted to ass:—;st g ?h methods were in close agreement. This
to be similar for each position. The angle of the building influences the performance of the devic ""d'qs against the wind tunnel testing. It was fOU"I? that bo
performance of the oast chimne i gled at @ N'Ys'ed confirmed the accuracy of the physical modelling.

i pe produces a higher velocity field around the building, and Consequeg, Sy oS

efore improves the performance of both the oast wind tower, The pipe ¢
performance is reduced when the building is at an angle of 45°,

- THE CALCULATION METHOD
The effect of the form of roof and the building form

E . ) . : ildi m and
A ults provided a thorough understanding of the interaction of wind ﬁnwronrrtlgr;ti,zéh& 5‘;‘5&?\% fgirameter
Each device was tested at 4.6m above the eaves of a building with a ridged roof and a Pyramidal roof x» The res e geometry. A calculation method was then developed to eqabl_et e user uation methad Invohss B
extended rectangular building with a ridged roof (the base model extended by a factor of 3 on the famet mde"'ﬁiog of wind towers/wind scoops, to provide the required ventilation. The ca ccount various adjustment
facing the airflow) was also tested. Measurements were performed for two building orientations with 'esl)ac(if mqpogf logical steps. Firstly, an appropriate design wind speed, which takes Imo'n?ormation P
the freestream (0° and 90°). Results were compared to the earlier test with a flat roof building. B| sanes for particular site conditions, is selected. This can be performed using i
4 ﬁfﬁ,’sor by knowledge of the local site conditions.
The pyramidal roof improved the performance of the wind tow g
when the building was angled at 45°. i
building was angled at 45°.
the wind tower. The performa
was it effected by the extend

. . i nge rate
The required mass flow rate must be determined, either from heatlload qorl,s;?:rﬁti::s aor:dbf)ilnzllqyc';asgfies of
] X R " u i tional area is y

; t the "uncorrected" device cross sec ] h - i ffects: local

sonsiderations. At this poin i ; location; height; orientation; wind shading effe '
made to correct for the device type; location; height; or T i ; finall

ad’ulslm'ggx‘llsefaf::;:ts~ number, area and position of openable regions; building air flow Leestg‘rt:]?r?:a tag gchievz
mczg:esistance In this fashion, the internal diameter of the device (;s thus accurately
The angle of the device to the wind ~ | the desired air volume flow rate, for the established design wind speed.

In this series of experiments, the internal pressure was measured as a function of the angle formed between ’
the device and the freestream direction. |
|

CONCLUSIONS
The performance of the win i y reduced as the scoops are deviated away from the wing | ) ; ttractive environmental
direction. At 50° yaw away from the wind the Scoop is completely inactive and begins to act as an exhausl | passive cooling techniques driven purely by natural wind forcerS] pif:enévzr::gglyp:ssive cooling are well
The oast exhaust is conventionally directed 180° away from the wind. The results show that the oast aclaly | gyution in the perspective of low energy architecture. The p lYS sgconcerning the design and sizing of
performs better as it deviates from the wind, and is most efficient at approximately 90° yaw. At this position e | nderstond and have been extensively dnscusse_d in thelllteratulre. sst[J:ar T LN
negative pressure around the oast exhaust pipe is at its greatest. If the yaw is any greater than 90° the oss | apertures of ingress and egress of the ventllgtmg air are less clear,

begins to face into the wind and the oast rapidiy begins to loss efficiency as it begins to actas ascoop. ! | ‘engineering” methods to size wind towers and wind scoops.

) Carthy, in conjunction
Devices with both circular and square openings were also tested, and in the case of the wind scoop the square ‘ This paper has presented the wind tower caIcuIlauon _method [1], deve]ogtzvtiintg' 5‘325 't\g(;ting a}; d provides the
device was more efficient. The square oast tower is also more effective, and the performance is further i Imperial College. The calculation method is derlygd from gxtensg R e B T e el e g ey e
increased when the device is at 90 °. This is due to the straight leading edge, on the upstream edge of the designer with an accurate engineering tool for determining the size an

device, forming a strong separation region. ' | Usein natural ventilation.

A Combined Inlet and Extract ! REFERENCES

u I al 4 - i i En iHEEIS, 0 FO'and Stleet,
i i I . I ) - y [ | % 1. \NI ] owers, CalCUlatiO' |||et| |0d. Avallable rom Battle MCCaltlly COnSultlng g
I I ll i g' e deUiCe. positioned at two b "dl g ngleS (0O and 50). 4”” 3DF| I ] .

The combined inlet and extract device produced similar pressure differences between the inlet and the extract !
for both building angles. The building (and device) angled at 0° to the wind produces greater pressure at Ihe
inlet and lower pressure at the extract. When the building is angled at 45° the converse is true. The inlet is less
effective, and the extract is more efficient.

This is explained by the previous test. The effectiveness of the Scoop is more sensitive to the anglg of the
wind, and is therefore less effective as the device moves away from "head on" wind. The oast chimney is most
effective at 45° from the head on wind.




