UNIVERSITY OF LEEDS

This is a repository copy of Advancement of natural ventilation technologies for
sustainable development.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/80251/

Version: Accepted Version

Proceedings Paper:

Calautit, JKS, Hughes, BR and Chaudhry, H (2012) Advancement of natural ventilation
technologies for sustainable development. In: Earth Systems Engineering 2012: A
technical symposium on systems engineering for sustainable adaptation to global change
(2012). Earth Systems Engineering 2012: A technical symposium on systems engineering
for sustainable adaptation to global change (2012), 03-05 Jul 2014, University of Leeds,
Leeds, UK. Centre for Earth Systems Engineering Research, Newcastle University , ? - ?
(26).

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/




School of Civil Engineering &
UNIVERSITY OF LEEDS

Advanced Natural Ventilation
Technologies for Sustainable

Development

Dr Ben Richard Hughes Wh.S.Sch

Earth Systems Engineering Symposium
4th July 2012




T

Introduction UNIVERSITY OF LEEDS

Buildings worldwide account 40% of global energy consumption, and the resulting
carbon footprint, significantly exceeding those of all transportation combined.
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Where is it used ? UNIVERSITY OF LEEDS

50-60% of building energy usage is associated with
a0 ﬁ ﬁ HVAC systems, the trend has dropped not due to a
_ reduction in usage but due to an increase in
= appliance usage.
The developing world expects a greater level of

living standards, therefore we need to be able to
meet these expectations whilst reducing energy.
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So why are we using HVAC? UNIVERSITY OF LEEDS

Because we demand comfort
Because we need good air quality to maintain health
Because its reliable

Because we can control it

Therefore these four factors are the primary challenges for engineers
to maintain whilst reducing energy consumption



Advanced Naturally Ventilated

Buildings

T&f ’
;_.f_.'"_i‘ -'T [ ]
-
-- - =f

fricuby formprers ant dghiwel Buse e

Trtenbe aammery o lhi el R wpe.

Tahieredd fille with aie of comiuerd fempenine,
Airerrees frors gy bae el 1w badtom fivne windses,
Alr exier ar breathdng poroper and via shecks

Fidd bevweea faner wad omier 51RR s wintsd,

T e e e Ma L

UNIVERSITY OF LEEDS

ANV buildings create openings in the
building at the design stage to allow
air to flow throughout negating the
requirements for ventilation systems.

Positioning of glazing to maximise
solar gain reduces the space heating

requirements.

However two of the four factors
remain uncertain:

1 Reliability

2 Control

Architectural design of an advanced naturally ventilated building form K.Lomas

Energy and Buildings 2006.
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Reliability and control UNIVERSITY OF LEEDS

Reliability and control have long been the two factors which present the
barrier to implementation of natural ventilation into commercial and domestic
buildings.

As natural ventilation relies on external wind conditions we can guarantee
ventilation rates, the higher the wind speed the faster the airflow into the
building, when external wind speed is low there may not be enough airflow to
meet legislative requirements.

Controlling the airflow into the building does not only rely on external wind
speed but also temperatures, which in turn drives internal occupants thermal
comfort.

It is clear then that opening in buildings does not resolve the HVAC
requirements, therefore a device which creates reliable and controllable
airflow offers the greatest opportunities for HVAC energy consumption
reduction:

The Wind Tower
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What is a Wind Tower? UNIVERSITY OF LEEDS

The wind tower is divided by partitions to create different shafts. One of the shafts
functions as inlet to supply the wind and the other shafts works as outlet to extract the
warm and stale air out. The temperature difference between the micro and macro
climate creates different pressures and result in air currents

(Macro Climate)
- Leeward

(Macro Climate)
+ Windward

(Micro Climate)
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Traditional Wind Towers UNIVERSITY OF LEEDS

Naturally ventilated buildings do not require additional energy to move the airflow
within a structure. However, the cooling capabilities of conventional wind towers
which depend on the structure design itself are limited.

Commercial wind tower systems as a top-down roof mounted, multi directional
device used for naturally ventilating buildings further enhances the portability of the
device in comparison to its traditional counterpart.




Commercial Wind Towers UNIVERSITY OF LEEDS

Modern wind towers are usually compact and smaller in size compared to the
traditional wind towers.
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Development of Wind Towers UNIVERSITY OF LEEDS

Commercial wind towers have been used in the UK for the last 30 years, the four
factors which apply to ANV building also apply to wind tower systems, detailed here
is the development of the system to overcome these challenges and hence provide
a viable alternative to HVAC systems.

The work carried has been undertaken using CFD Modeling, Wind tunnel testing
and full scale far field testing. Moreover external building specialists BRE and BSRIA
have also conducted independent assessments of the system.
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Legislative requirements UNIVERSITY OF LEEDS

Table 1

CFE e D34852: 0001 pecommendaton concerent How
Exermal wind welociiy (mis) BSSSE2 199 [Lis{m?) AR {Lis/m?) BSES2-0949] (LS per ocrupant CFD (L' per oomupa)
- - - I (%]
! X} 2an 2 BT L's par Ccalpant
2 it 556 5 1n Lis per acsupant
1 £ s 5 1A%
4 6E 1241 5 2333 L0
A5 (7] 1355 5 2511
i BE f. S 303 =0
a0 >
Table 2
CFRvm IS5 1897 recoromenditons comeser catrent Qe ||.|
- i
Exrermal wind Velaciy (ms) BSS8G2: 1091 (L) D0 L] ESSEE2:1900 [Lfs per oocupant) CFD¥ (15 Der Oorupaon] I i i
i 8 13 3 435 1 2 3 4 & £
1 os 5.E5 5 153
} u4 ol 5 1488 External Wind Velooity mis
4 03 259 5 2238
4.5 0ns 1504 -3 2706 y %
5 IR THAR 5 281 Fag, T2, Lomcuirem L

Li= per Occipant
Lia per amsupant
d47

BS5975 stipulates minimum ventilation rates based -
on occupancy data (If available) or floor area. j i

By £ Ll ] A

We have been able to prove that wind towers Excternal Wind velosity mis
require minimal external airflow (1 m/s) to meet it ke
these requirements, with the UK average being 4.5

m/s.



I

What if there's no external wind? UNIVERSITY OF LEEDS

The wind tower does not rely solely on external wind, as the device is
open to atmosphere it allows the warm air trapped at the ceiling height
to escape, and thus draws in a fresh replacement supply using a siphon
effect, therefore even if no external air was present we can fall back on
natural buoyancy.

“It should be noted that during
the buoyancy simulations the
effect of introducing a window
increased the internal velocities
by 47%, however the effect of
introducing the wind driven
force increased the internal
velocity by 76%. Thus the effect
of introducing a window to
increase buoyancy is comparable
to the wind driven force.”
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Solar driven wind tower UNIVERSITY OF LEEDS

The fact that we require such low air velocities to meet legislative requirements allows us to use low
powered supplementary fans to aid air circulation in dense urban environments, the low power of the
fan allows for a solar driven arrangement.
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From the resalts, it was chear that a low-voltage fan would need to produce a minirmum pressure
of 20 Pa to achieve the BS required minimum ventilation rates. The fan should be located in the
bop position to ensore fresh air is drawn in at bow external wind speeds (| m's) and delivered to
the receiving room without restricting the exhaost air ow path.,



Control Strategies

Wind vert dampers

= b i}

Figure 3 Physical and gambit damper units

Axis rotation P1 face P2 face

The Windvent performed as expected in terms of pressure drop and velocity when the
dampers angle was increased. The combined =ffects of pressure and velooty showed an
oplimum cperating ranee of between 45 - 55 degrees,

The optimurm operating range should be central o the operating stratepy for the windvent
as o single umit, However in order to obtain efficient usage of the windvent system the
strategry must take into account the external wind velocities, Therefors when locating the
size and amount of Windvents (multiple umits may be used to supply large areas)a
combined approach of macro to micro climate performance and control stratepy should be
emploved.
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UNIVERSITY OF LEEDS

Adding control dampers to
the wind tower induces a
pressure drop which
creates an airflow
obstruction, in natural
ventilation this creates
severe difficulties.

We have managed to
obtain an optimum
operating range for the
dampers to allow air to
flow freely and thus the
size of the tower should be
designed with this in mind.
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Full scale testing UNIVERSITY OF LEEDS
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Validation UNIVERSITY OF LEEDS

Benchmark geometry comparison with an
external velocity of 4m/s
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Examples of the system in practice UNIVERSITY OF LEEDS
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SO Where are we nOW? UNIVERSITY OF LEEDS

Because we demand comfort — WE ARE THE PROBLEM!

Because we need good air quality to maintain health — We can meet
ventilation rate legislation

Because its reliable — We can achieve reliable airflow regardless of location
and external wind speed

Because we can control it - We can use control dampers linked to existing
BMS systems
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Thermal Comfort UNIVERSITY OF LEEDS
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Ventilative Cooling

Integration of Passive Ventilation and Novel
Cooling Systems for Reducing Air Conditioning
Loads in Buildings Qatar National Research Fund
3rd Cycle, NPRP 09-138-2-059, $1,044,938, 2011-
2014

In Qatar 60% of domestic energy
consumption, this project takes the
existing commercial wind tower and
integrates a heat pipe arrangement to

provide pre-cooled natural airflow into
the building.
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UNIVERSITY OF LEEDS

Review: Building Cooling

The external power consumption of a desiccant cooling system is more than 60%
when compared with other building cooling technologies.

A wind tower can be classified as a carbon-neutral passive cooling device unlike
the rest since the electricity consumption is virtually 0% when in comparison with
other cooling strategies.
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Numerical Results: Temperature  UNIVERSITY OF LEEDS

Air temperature reduction is observed inside the microclimate, average
temperature of 295.8 is obtained inside the models with the outdoor temperatures
set at 310K.
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Numerical Results: Airflow UNIVERSITY OF LEEDS

The airflow splits at the wind ward side of the structure with the air entering the
wind tower openings and the remaining flow shearing across the structure and
exiting to right side of the enclosure
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Numerical Results: Optimisation  UNIVERSITY OF LEEDS

A horizontal plane constructed at immediate downstream of the horizontal heat
pipes within the wind tower structure to analyse the air temperature differential an
air temperature reduction of 14K from the source temperature of 315K.
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Ventilative Heating UNIVERSITY OF LEEDS

In the UK and Europe the external wind

temperature creates a thermal comfort issue for Cool Fresh
the occupants, as the wind tower uses the Air In
buoyancy effect to induce airflow this work -
uses the same buoyancy effect to recover the

exhaust heat and use as a pre-heater for the

incoming air stream. '

Coupling the heat exchanger to the control l-l l II l || Il ' || '

damper system creates airflow obstruction
which must be overcome. In addition using
rejected air as a pre heater effectively dilutes l l l w
the replenished air, thus the ventilation
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requirements increase.

This work is currently under development
using EPSRC funding.
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