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L'auteur explore les issues pratiques impliquees dans la construction du toit monte combine aux venti­
lateurs de brassage d'air en double sens. Les resultats des tests effectues sur quatre echelles d'installa­
tions differentes sont donnes. Et ils ont ete compares. Les systemes rotatifs et statiques ont aussi ete 
etudie. Dans taus les cas, ii a ete retenu qu'un courant directionnel prevu de ventilation est maintenu. 
Des tests pour com parer I' efficacite des servos actives par le vent et celle des vannes fixees pour la rota­
tion des systemes sont decrites-ci-dessus. 
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INTRODUCTION 

This paper reports on work being undertaken as part of a UK government funded research programme 
into passive ventilation in urban environments. In this type of environment air must be taken into build­
ings from the top to reduce pollution risks, especially those associated with fine particles (SMI 0 par­
ticulates). These risks reduce with height. The risks of noise pollution and burglary are also reduced. 
The forces which drive this type of ventilation have been described by Gage et al and Hunt et al. In the 
absence of wind a gravity displacement system will induce airflow. Hunt et al have demonstrated how 
airflows of this type can be assisted by the wind. It is also most important that wind pressures do not 
run counter to gravity displacement air flows. A very reliable way of achieving this is to combine air 
intake and extract in the same piece of equipment. 

Wind driven devices have been proposed to achieve this, but no devices have been constructed and 
tested. There are a number of practical issues that need to be studied and problems that need to be over­
come before this type of equipment can be fabricated commercially. Ifsuccessful this type of equipment 
may also be used to drive air through low resistance active cooling and heat recovery units. This is the 
subject of further research at the Bartlett. 

PRINCIPLES OF WIND DRIVEN COMBINED INTAKE AND EXTRACT VENTS 

When an object is placed in an airflow, zones of positive and negative air pressure are induced around 
it. Positive pressure is induced on the windward side and negative pressure is induced on the sides and 
to the leeward of the object. This principle has been used to drive roof mounted ventilation on build­
ings for many years - probably the oldest examples were constructed in Iran. A similar modern device 
of great simplicity is manufactured in the UK by Monodraught Ltd. This is shown in fig. 1. A round or 
square roof terminal is split into four quadrants with dividing plates and air is driven into the space 
below the terminal on the windward side of the device and extracted on the leeward side of the device 
in condition (a). In condition (b) air is also extracted on the sides of the device. This device responds 
nearly linearly to wind speed. Recent tests by the UK Building Research Establishment show that effec­
tive ventilation of a space can be achieved. Measured and visual readings were taken at the University 
of Hertfordshire. The measured readings established the rate of air change using the tracer gas decay 
method. This gives a volume airflow rate and from this airflows through the ventilator can be inferred. 
Air intake and outlet velocities are approximately 20% of wind speed at 2.5m/sec and 25% of wind 
speed at 4m/sec. These figures relate to the rate of airflow through the ventilator body. Higher flows 
may take place at constrictions to the flow, for example at intake louvers and diffusion grills. 
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Visualisation studies were undertaken using smoke on days when the external temperature approxi-• L. . . • 
mated to the internal temperature. This type of ventilator will not give true displacement ventilation. 
Air flows are induced in a swirling motion. See fig. 2. < ) : ;' � • ' 

I wind din:ction 
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Fig. 2 "Windcatcher" inducing airflows in a space 

ln order to achieve true displacement-ventilation air must be introduced into the bottour:of a space and 
extracted at the top. There are two generic types of combined wind driven intake and extract devices 
which can achieve this. The first is a static device on the Monodraught "windcatcher" principle which 
is fitted to ducts with dampers driven by an "intelligent wind vane". In its simplest form th� four quad­
rant ducts are extended to the floor of the space served by the terminal, and an upper and lower damper 
driven by a servo motor is fitted to each quadrant. This is shown diagrammatica,lly in fig. 3. The 
"Intelligent wind vane" is fitted with a Hall effect or optical sensor and micro proc�ssor so that duct 
airflows can be i1�ferred from wind direction and dampers can be open or shut accordingly."A.Jfurther 
development of this is the patented Monodraught duct rectifier where four "either or" flap damp�rs 
·each driv�1 by a se/v� a�{piaced in eacli quadrru!it witll a·sur·rol.i'n<l �1enum to give predid:able ail-flows 
below.'.Thi� 1is' illustrated in fig. 4. There are no h��.ry mov;ing!parfs i1{ ·t1�1s. tYpe' of devi6e. ' ' 11 
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Fig. 4 Duct rectifier I Basic principle 
The second type of device consi�ts �f a rotating he�d containing intake and extract co�ls, which is dri­
ven normal to the wind direction using a vane or servo .. J\,similar type of device Wc,tS proposed for the 
new extension to the Parliament Building in London and' was researched as part of an EC Joule pro­
gramme where extensive model testing was undertaken. A critical problem in a rotating device is the 
"cross over"' relationsfijp with "ducts beto �� This is illustra ·ecffl-fJA:,? . .• Some form of concentric 
arrangement of intake and extract is required. This type of device has-a ·relatively heavy rotating head . 
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Fig. 5 Rotating device-tiirflow crossover problem 
COMMON PROBLEMS·. . ' it' 

\ I 

.. Ther� are, six tYpes of p,roqle1)1°s, �l�i�h are.�ommon to. th,etwo approaches outlin�9 above . 
.J. - ·' . ., l.,, ) J\ • c:: ·" .t ... 1. .. . 

I 

R�i�z inQress r '.1:\si_m.ple �·PP.�q��b t.9..r? l �J11gres�' \:vb�ld;.sµggest thaf, i_f Stf?nn louvd�s 1r�1�L��d rain will 
not enter in��.k�s.in1 st.orrn p��;dW?P�; a_rf��5·� � i�� t_fffre�� !p i:is ;.�n change fa"pidly in;s�o·rn� cpnditfons 
extracts are also vulnerable and a simpl.e �og1c suggests that these should be s11nalarly protected. 
CorrrnlQ..!l! <)._v�)laQ!�_d_Q.LLbJe �an�ec!.�tQ.1:1�1 louvers pres�.P<?!l:Si�_�r.�bl�I�-s���!l<::� �2..�i�filgw_with quot­
ed figures in the order.:o 2 Pa or more against an airflo� of Im/sec. Tl��type of device must work in 
windless condi�ion .aml.-·resistance of this magnitude will exceeq the=dFi-:!o!in-g pressure in the displace­
ment ventilatio11 sy-sfems·oerow them. A method of overcoming; th 1 snrobrem"is to oversize the intake i ·., - ,..._ ,,. J 
and extract areas relati;v 'to the duct areas below. In this way intake spF�PS are reduced and the effect 
of gu�fing-1s :iifh1'1n11sep .. �toi:iY.�1:s wr-tfr. inuch less resistance can· be_ us��, o·r altei:rratively they can be 
omitte'd if the intake and\iextract hoods .are self draining. . • • --1 ! • ·' ·, /·---

'• I , 

/11sec1• ingress - A s1i1;1 ilar problem occurs with the introduction of in�eci� inesh . The staridard meshes 
used �resent increas1lng 1.esistance to airflow as airspeeds increase. Tire lno.st_crjtical airflows for pas­
sive �tctc .�en!!_l:ati9n �.o-w.in�qnditi0!1?) occur at driving.press��s- of 0_£.:;._:2 P..a. Ty.pica! mesh resis­
tance is 0.2 Pa at 0.5 m/sec and 0.5 Pa at 1 m/sec. It is clear that airspeeds through the mesh must be 
kept as low as po�sible: This in tun1· leads to oversizing· the intake and extract areas. 
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Solar gains - A direct result of the above is the possibiJity thatthe _int�ke will heat the incomjQg �ir in 
sunny conditions. Air will be slowly moving through an·opening covered with light louvers_ or insect 
mesh or both. In bright sunlight, air moving at 0.5 m/sec could be heated up by as much as 1.6 ,<:,c. This 
increase in intake tei11perature may be a significant factor .when._ considering comfort in the building 
below. The intake area must be shaded by a hood and the· complete intake fabrication should be insu­
lated. Intake shading suggests that intakes should be wide but not high. 

Air seals- A device of this type has a critical sealing condition wh�re the intake air str.eam must be sep-• I• 
R-»ated from the extract air s_tream. At this point the pressure difference in .the device, will find cracks 
and induce short circuiting. In the case of the static "rectified" air;f)ow device described in fig. 4, seals 
must be placed around the "either or" dampers ln the case of a rotating device a ring seal must be 
employed. Rotating devices must.also be sealed so that air entering the intake hood does not immedi­
ately exit back into _tl�e ".ex't�rnal ahst�·eain be,hj�(l- it. °!hese air seals cause -frictional resistance in the 
equipment which is .much more significant than inertia. 

' 

Response time - Wind directions change with dramatic· suddenness in gusty conditions especially over 
uneven terrain or in cities. In these conditions a wind driven ventllation dev:ice must either respond very 
quickly and directly to a change in 'wind direction or a .fall off i11 performance must be accepted. The 
limiting factor in this is the response time of the mechanism as a whole:· The "intelligent wind vane" 
described above will respond very quickly to a change in wind direction. The associated servos limit 
the overall re�ponse time of the device. Rotatihg devices can be driven - by servos which will give 
response times. If they are vane driven the response time will be limited by inertia and frictional resis­
tance. 

Extract resistance - When an object is placed in an airstream the airflow behind it is disturbed and vor­
texes are formed. These vortexes can disturb the extract ,from the devices that have been described 
above. Some authorities believe that this issue is of sufficient importance that out flow vents must be 
constructed in the form of pipes terminating perpendicula,rj;y to th:e airflow. In.practice con�itions of 
rain entry make this very difficult to achieve without the introduction of bends in the pipes below, or 
complex rain shields placed in or on the pipes. When extract opeqi1�gs areJaced away from the wind 
direction vortex formation can be reduced if they are narrow and horizontal. 

ADDITIONAL DESIGN CONSIDERATIONS/ROTATING DEVICES 
Seals Rotating devices require an additional seal between the rotating head a11d the fixed intake plenum 
below it. 
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Fig. 6 Comparative sections prototypes 8 and C. Rotating elements are shown in black line. a - ring seal, b - sealed tur 
ret bearing, C - shaft bearing. 



Beatings _:.'.fhe lnost conceptually simple and· technicatly difficult.type of bearing for a rotating cowl 
is a sirigle'circular turret or ca slewing beating of.the type used in crane or gun turret design; This type 
of bearing is designed to take rackirig or twisting ioads and will resist wind loading. Bearings of this 
type are� expensive. A morer,efficie11t beating system employs two sets :of bearings on a shaft. Fig. 6 
shows two different bearing.rand seal configu11ations as applied;to test equipment fabricated at the 
Bartlett. .; 

.. 
TEST EQUIPMENT AND RESULTS 
Four items of full size equipme1i't have been consti"�cted at the Bartlett to date: "Full size" in this con­
text has been taken to be equiprnen't with airways of 200mm0 or greater. 
: . ' . . f. ' .  I 
A. Static prototype of a .cornbinea rotating intake �no extract device workilig on a turret bearing. This 
prototype was constructed to establish airflo�s and pressure' differentiils. B�'A prototype of a com­
bined intake and extract device working on a turret bearing, driven by a wind powered servo, having 
the same plan and intake sec�ion as A . . Jn�· the extrayt.is 2 meters. above the intake. C. A prototype of 
a combined intake and extra,ct deyjce working on two shaft bearing�.)>. A prototype of a fixed device 
with an "intelligent" wind \(ane. ,, This device is con��ructed witi1 low sh<).d�d intake/exJract hoods and 
has an indirect air path to shed rainwater.. '"'· , 

.. 
Common design characteristics A, B,, C and D. All. faur; pr9�otypes share the follow�ng: 

• intake and extract duct areas are the same 
intake openings are approximately 250% greater than intake ducts 
long low shaded air intakes 

'an indirect intake air flow to allow for rainwater discharge 

,. 

ComrJon design characteristic A, B, and C.. 
!· (J 

a circular intake plenum with two supply ducts on the same axis feeding out from theintake 
plenum. 

/r' !, �,· 
Differences A, B and C. 

• A and B have central circular extract ducts terminating in separate extract hoods. C is based 
on a rotating-circular split ·duct. The extract duct is semi circular and the extrect-hood match 
es the intake hood. Comparative plans are shown in fig. 7. 
B and C have long low outlets. The outlet to A is square. 
B is" driven qy a servo. C has been initially constructed to test vane operation. ln an attempt 
to reduce; w�ight, C has a fixed shade roof with a central rotating intake and extract hood. 
The in ake i� fitted with removable insect mesh. 
I 

' • I;' 
Lower level Prototype C 

..:-�.- -.. .:. :-: 

�, •... I 
I 

. . r:� ==1 ., 

Lower level (rain shield shown dotted) 
Prototvve B 

Fig. 7 Coiriparative plans \lr prototype B and C. Rotating elements shown in black line. 
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I I 
Tests 

. , I '  
• I 

. ,•, , •  
A and C have been wind tunnel tested at BRE Garston as follows: Static pressure tests I d�fference 
between intake and outlet ducts are plotted in fig. 8. It can be seen that the A generates significantly 
more static pressure differe.nce than C. 

' 

Fig. 8 Comparison of static pressure differences 
prototype A and prototype C 
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Fig. 9 Comparison of duct velocities prototype A 
and prototype C 
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A and C are again compared in duct velocity tests when the.·system is a closed loop, i.e. tl1e intake is 
fed via a plenum into the extract, duct arepl�!J:e� in fig. 9. Further tests on A and C demonstrate that 
the relationship between the intake hood drientation and the intake duct axis has negligible effect on 
the duct airflows. Fig. I 0 shows a plot of th�: airflow across the extract opening of A - this gives clear 
evidence of vortex formation.:lt is nevertheless evident that the performance of A is significantly bet­
ter than C. The relation of air \flow through the" device and wind speed depends on the pressure devel­
oped and also the resistance to; airflow routes· of the device. Pmtotype A d.

evel9ps,rl)_9re pressure at any 
mid speed than c_ By c01nparillg the figur�}:; it can be seen thl;lt C also )1as a higher resis!ance. 

1.20 1.301 I . . 
1.10 0.45 

-
0.00 ().00 - �-· ./ .. ' 

, , .., . 
I + - I • · -
fig.,10 Qu�l�tJl6y.1s.sl.1owing:uney�_il '(19w:�_istri_b\.l��?!l'i1i}'>rototype A.·· . _1�--

- . . 
.J 

·r· 

These t�o is;sues,, t�1e. design of aii�effectiv(nillet and 91.ltle[Q.ody w_h)_ef lnnaximjses the 1�H1.lic pressure 
difference across' tr.I� d�vice�abQ th� design o:(<!irflow �ith minimut11• resis�ance are cruc_i� to tlfo effec­
tiveness of aoy deyi(<eofthis typ�. -
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Fig; 11 Comparison of duct velocities with and· - . -
wltliout insect mesh. prototyp� c 
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C was tested with and without insect mesh on the intake. There is no significant difference in airflow 
- see table in fig. 11. A turning test shows that C fitted with a wind vane wit I only turn when the 
windpseed exceeds 7111/sec. B and D have been field tested over closed cells in a very difficult urban 
environment next to the Bartlett. In consequence wind speed and direction indications must be taken 
as hpproxin1ate - CIS the area is prone to local turbulence. B is fitted with a wind. driven servo placed 
w�th its axis at right angles to the air path. The servo is linked through 'redu.ction gears to a friction 
drive wheel. The total reduction is 350: I. The servo operates down to a wind speed of 0.5 m/sec with 
turning taking place from 90° .. to the wind direction as showm in fig. 12. It will be seen that above 
I 111/sec the servo acts as a damper to the movement of the unit. Given that rotating units are both large 
and relatively heavy this is a valuable ·attribute in that it reduces dynamic stresses and vibration. It could 
also be useful visually in that a rapidly moving cowl on a bu ilding could be disturbing to the general 
public. 
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Fig. 12 Prototype B - turning test using wind a1ftl 
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The operations of B and D have been compared in wind speeds up to 3 m/sec. A typical plot of wind 
speed against duct velocity in conditions of varying wind direction is shown in fig. 13. Approximate 
duct flows against wind speed are plotted in fig. I� 

1.2 • 
• 

0.8 O Prototype B Uuct velocity O.(> 
111/scc. • • • 0 Prototype D 0.4 • 

0.2 B G) Q •" 
0 

() 2 3 
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Fig. 14 Approximate peak and through analysis of Fig. 13 showing performance of prototype B and D 

Rain Ingress - Prototypes B and D are self draining. There is no evidence that driving rain enters the 
intake duct in either case. However it should be noted that the test site is not exposed and further dri­
ving rain tests should be undertaken. 

CONCLUSION 

Both wind tunnel tests and tests in the open air in a very difficult urban environment demonstrate that 
roof mounted combined wind driven intake and extract ventilators are feasible. It is possible to make 
these divides so that they deliver air in predictable directions in the ducts below them. There is a lin­
ear relationship between wind speed and ventilation air velocity. Oversizing intake areas relative to the 
duct area shown below then permits the use of insect mesh. Rainwater ingress can be prevented if the 
intake is self draining. Solar gain must be considered. Static devices, which are easy to construct and 
require minimal maintenance are approximately half as efficient as rotating devices. The complexities 
inherent in rotating devices can be overcome . Bearing and seals are available. Seal friction limits the 
possibility of using fixed drive vanes. Wind driven servos can be used successfully at very low wind 
speeds. This type of servo can effectively damp rapid rotation during gusting at high wind speeds. 

The behaviour of the four different prototypes, both in wind tunnel tests and in this open air is similar. 
This suggests that a mathematical model could be developed to describe the performance of devices of 
this type. This could aid designers in refining both static and rotating systems. It would be useful to 
establish how small this type of device could be relative to the duct sizes below without significant loss 
of performance. Further experimental work on cowls to find out which types create the greatest static 
pressure differences between intake and extract are required, as is work to establish minimum resis­
tance air routes. 

BIBLIOGRAPHY 

Ajiboye P., Hesketh M. and Willan P. (1997). The significance of traffic related pollution levels and its dilution 
associated with altitude. Proceedings ofl8th AIVC conference. pp 257 - 266. 

Dunster B. and Pringle J. ( 1997). Research into Sustainable architecture . Architectural Design vol .  67 no 1/2. 

Gage S ., Hunt G .R. and Linden P. F. (1998). Top Down Ventilation and cooling. Paper submitted to .Journal g.f 
Arc:hitgcturql and nlcmnin(! research. 

Gage S., ( 1997). Stack ventilation and cooling for urban sites. Proceedings of 18th A /VC crmference 
pp 88 -97. 

Hunt G .R. and Linden P.F. (1998). Top down ventilation of multi-storey Buildings . Paper submitted to 
Proceedinz1· o( 19th A I VC conference. 

Rudofiski B. ( 1964). Architecnwe wirhout Architects. Doubleday. 
698 


