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Deep-plan, fous-starey building .
designed for wind assisted stack-

induced ventilalion |
!

Particular attentiom has been paid
to prevent the building suffering
from excessive draughts |

neighbousingibuilding

CHP system supplies. bollx the focal
hiealing as wellas the:Toad for the:

AIVC
#13,486

Seven years after the groundbreaking Queen’s Building,
ventilation towers are back on the campus agenda with this
passive solar library for Coventry University. How has the
design moved forward?

down the land. Coventry University had

plans for a substantial new learning
resources building to serve its 17 000 students.
The University had already benefited from a
successful series of packaged combined heat
and power installations on the campus, and the
director specified that the new building be
maintenance free and super energy-efficient.

Unfortunately for the University, its chosen
site was fairly compact, noisy and enclosed -
hardly an ideal location for a building likely to
suffer from high cooling loads generated by
equipment and IT provision. It was evident that
the size of the site would force a deep-plan
approach, and that noise from the nearby ele-
vated roads would not allow reliance on open-
ing windows for ventilation.

The late Professor Neil Bowman and his part-
ner Peter Reeve were selected to investigate nat-
ural ventilation for these difficult conditions,
and won the mé&e engineering commission.
Computer modelling was contracted to De
Montfort University's Institute for Energy and
Sustainable Development (of which Bowman
was then Director and which is now headed by
Professor Kevin Lomas). This team had previ-
ously worked with the appointed architect, Alan
Short, on De Montfort'’s innovative naturally
ventilated Queens Building.'

'like many expanding universities up and

BY JOHN FIELD

Various building configurations were investi-
gated. Eventually, a highly heat-efficient 50 m
square plan was selected for the 9000 m? build-
ing, with vertical wells punched through for nat-
ural light and air supply and removal, sugple-
mented by perimeter ventilation stacks. This
still left a lot to do as this building is billed as the
biggest naturally ventilated building of its type
in the world.

The building has not compromised its objec-
tives with contingencies: in the main floors
above ground there is no cooling and no
mechanical ventilation, other than a small
ground floor print-room area.

Natural ventilation strategy
The building has four floors above ground on a
square plan. Under the ground floor there is a
2 m air supply plenum level and a partial base-
ment level below this. On the top floor, the occu-
pied area is pulled in from the corners to inside
the lightwells, making a cruciform floor plan.
Construction is of brick finish with double-
glazed argon-filled windows to a U-value of 2-0
W/m?K and a warm roof with 200 mm of insula-
tion. Room height is 4 m to the exposed con-
crete ceiling. Structural steel beams of 1 m
depth extend down from the ceiling, but these
have circular holes which allow virtually free air-
flow at ceiling level.
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Three sets of vertical wells or stacks provide
for air supply and exhaust. Four corner light-
wells provide tempered air supply to all floors -
these welis are inboard by 7m from the perime-
ter of the building. A single central lightwell pro-
vides an exhaust air path from the centre floor
areas, while twenty ventilation exhaust stacks
take air from the perimeter. These are supple-
mented by four further stacks for the top floor.

The lightwells are classified as such, and not
as atriums, and fire requirements have been
met by providing smoke-venting through these
elements. )

For normal ventilation, air enters the under-
floor plenum from the perimeter and passes
into the base of the corner lightwells. Moving up
the corner lightwells the air is tempered by a
full-area horizontal heater battery. Low-level
dampers on each floor control the flow of air
into rooms from the supply lightwell. From
there the air passes over trench convective
heaters. Warm air collects at high level, moving
around the room through the penctrations in
ceiling beams, and then out of the room via
high-level dampers into either the perimeter
stacks or the central lightwell.

The central lightwell has a glazed horizontal
base extending 1-3 m below the ground floor
ceiling to provide natural light and allow space
for high level extract dampers from the ground




RIGHT: The:student
workstations:
oveslook the:
central lightwell,
the high-level -
dampers are visible
at the tap. FAR
RIGHT: A:section
showing the
centralilightwell
and perimeter
exhauststacks:
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floor. This lightwell increases from a 6 m
square plan at ground floor level to 9 m
at third floor level. It has a glazed
top to a height of 6 m above the
roof.

Window vents on all
faces are controlled by
motorised actuators,
while motorised blinds
prevent unwanted sun pen-
etration. The window vents are
reported to be controlled accord-
ing to wind direction to ensure that
wind assists with negative pressure
requirements.

The corner lightwells are of 6 m square sec-
tion and have a singlerow finned tube heat
exchanger at ground level. The lightwells extend
up to just above the third {top) storey floor level
to allow low level supply dampers at that level.
The corner lightwells have glazed roofs with
actuated window vents to allow venting in hot
weather.

The 3 m square brick perimeter stacks extend
upwards from external ground level to 6 m
above roof level, where they have custom
designed aluminiumterminations. They pick up
used air from high level dampers on each floor
- including basement level in some cases. The
terminals have been wirid tunnel tested at the
University of Wales, Cardiff. They are reported to
ensure that wind provides a net extracting
effect in all conditions. Their appearance was
changed somewhat by a late addition of struc-
tural horizontal bars to reduce the chance of
the aluminium fairing falling off.
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Building services systems

Highly efficiency (non-condensing)
Stokvis Econoflame boilers provide
heating to three systems:

O air in the four lightwells,
which is preheated to
around 15°C

O trench heating of
air as it enters room
from the supply lightwells
O perimeter heating (mainly
radiators, centrally controlled)
Basement perimeter rooms which
are located between the supply light-
wells and the perimeter are also fitted
neatly into the strategy: the low pressure at
the bottom of the perimeter exhaust stacks
pulls air from the room, which in turn pulls air
from the supply lightwell via a wall-mounted
finned tube heater.

A 210 kW chp system by Nedalo serves the
local heat load and the neighbouring William
Morris building. It can also feed electricity back
into the University's electricity main. This instal-
lation follows good experience with earlier
Nedalo chp packages. These were provided
under a supplier-financed deal and later pur-
chased outright by the University to obtain
increased savings.

A central chiller provides cooling mainly for
the adjacent School of the Built Environment
but it also serves the library’s 24 h access base-
ment computer room for students, and a small
server room. The ground floor print-room area
has a local mechanical ventilation system but
no cooling.
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LEFT: Perimeter ventilation stack

with vertical solar shade.

Portsmouth University’s Portland

ABOVE: in the foreground one of the Building is @ mixed-mode version of

corner lightwells, behind are the

perimeter stacks.

the Coventry library. In 1998, gas
consumption for heating was 130
kwWh/m¢/y. The glazed stairwell
turrets are used as natural extract
paths,with boosting by radial fans.
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Lighting of the general areas is by suspended
T5 fluorescent fittings giving substantial uplight-
ing as well as downlighting. Lights are con-
trolled by a fully addressable Luxmate central
control package which makes use of presence
and light detectors on each set of luminaires.
Lights are dimmed automatically to make use of
the extensive daylighting. At the time of the visit
the dimming appeared to be working effectively.

Design details

Damper sizes increase as you go up the build-
ing, as the stack-induced head reduces.
Dedicated stacks are needed for the third floor
as the computational fluid dynamics simula-
tions showed that air might spill back into the
room from the central well instead of being
extracted. However the perimeter exhaust
stacks are still used. Night ventilation operates
by opening room air dampers if room tempera-
tures rise above 22°C.

The overall stack head available of 4 Pa (see
box, ‘Flowing naturally’) demanded consider-
able effort to limit pressure drops in the airflow
path from inlet via plenum. Measures include:
O no-loss supply plenum and supply lightwells,
and exhaust lightwell and passive stacks
O single row horizontal heat exchanger in the
base of the supply lightwell
O large damper areas with low pressure-loss
dampers
O pressed damper steel grills with high (90%)
free area -

O an increasc in damper sizes on higher floors

Osecondary heating of air as it enters the room
is by convective trench emitters with no pres-
sure drop. These include an induced-airflow
loop to ensure that the desired air temperature
is measured for control purposes

The designers took pains to prevent this build-
ing suffering frorn draughts. The extensive low-
loss airflow paths need careful sealing in windy
conditions (see box “Flowing naturally”). Even
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ABOVE LEFT: A corner
lightwell showing the
full area single row
heater battery and high
specification dampers at
ground and first floor
level. ABOVE RIGHT: The
inlet dampers and
heating trench. BELOW
RIGHT: First floor plan
showing the three types
of ventilation well,

on cold still days, stack heads
could provide a problem.

Although air in the four
supply lightwells is tem-
pered/preheated to typically
15°C in winter, thereby reduc-
ing the effect of any leaks,
particular care has been
taken with the dampers to
ensure that they provided
adequate sealing. Dampers
were selected with neoprene
sealing strips and spring-
loaded side seals, and successively developed
with the supplier through six versions, with test-
ing on-site and accelerated wear.

While the accommodation is mostly open-
plan, there are separated rooms for teaching
and administration which require ventilation.
Mostly these rooms are located between the cor-
ner lightwells and the perimeter - so supply and
removal of air does not pose any problems.
Where rooms are not adjacent to the corner
lightwells, air is provided directly from the open
plan areas via transfer grilles. For acoustically
more sensitive areas, the transfer air is made to
pass along the partition space for two metres:
the space has a depth of around 500 mm and is
lined with absorbent material.

Corner lightwell
and fresh air inlet

Central lightwell
and ventilation outlet

Perimeter ventilation
exhaust stacks

Overall assessment

The University's project manager for the devel-
opment reports very positive feedback for the
building to date, with far fewer problems raised
by occupants than expected. Also his personal
experience is that the building has an airy envi-
ronment compared to conventional naturally -
ventilated offices. At the time of the visit this
view was supported as the building had a pleas-
ant fresh feel.

So far it looks promising that the building can
keep cool in summer and the compact shape
bodes well for keeping warm in winter, with low
heating costs. However the building has
required some radical thinking and will provide
interesting answers to a number of questions.
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Coventry University Library and Learning Resources Centre

Client

Coventry University
Architect

Short & Associates

M&E consulting engineer
Environmental .Design Partnership
Quantity surveyor

E B Partnership

ME&E contractor

Drake & Scull

Main contractor

Totty Construction plc

M&E suppliers

AHUs: ABB Flakt Products

Air separator: Armstrong Pumps
Attenuators: AAT Manufacturing
Boilers: RS Stokvis & Sons
Busbar: Zucchini Busbar UK

CHP plant: Nedalo
Commissioning sets: Crane Fluid
Systems

Controls: Siemens Building Technologies
CWS booster set: Treble GM
Ductwork: F E Cole & Son

Extract fans: NuAire

Fan coils: Biddle Air Systems
Flue dilution fan: Woods Air
Movement

Energy meters: Advanced Energy
Products

Heater batteries: Classic Coils
Insulation system: Insuclad
Louvres, grilles and diffusers: Gilberts,
Senior Air Systems

Pumps: Grundfos

Radiators: Zehnder )

Smoke/fire dampers: Advanced Air (UK)
Smoke ventilators: Colt International
Supply extract, fire and smoke dampers:
Advanced Air (UK)

Temperature and pressure gauges: Coley
Instruments

Trace heating: Raychem

Trench heating: Sill Line Perimeter
Heating

Trunking: Ackerman

UPS: Chloride Power Electronics

Water storage tanks: Braithwaite

Water heaters: ZIP Heaters (UK)

Wiring accessories: Ackerman, MK Electric
ligﬁtlng

Designplan Lighting, Luxonic Lighting,
Marlin Lighting, RIDI Lighting, Zumtobel
Lighting Systems ’

Engineering data

Gross floor area (gfa): 9000 m?
Netusablearea: 7968 m*
Computer suite: 400 m?

U-values

Walls: 0-26 W/m*K
Roof: 0-18 W/mK
Glazing: 2:0 W/mK

Target energy use (gfa)
Gas: 31 kwh/m/y
Electricity: 33 kWh/m?/y
(0, target: 20 kg/m/y
BREEAM: Yes
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Can the building's various control modes be
managed effectively and easily? This is where a
number of advanced natural ventilation build-
ings have tripped up, but there is no indication
yet that it will be a problem here. If this is a
problem then there will either be lack of com-
fort or extensive operational time, or operation
in a mode or with extra hardware not intended
by the designers.

will the building be “maintenance free"? if
the building keeps cool and can be managed
effectively, then this question reduces to main-
tenance of the unusual aspects of the fabric and
plant, such as the stack superstructures, vents
and dampers, blinds, and the extensive ventila-
tion paths. Will these need extensive cleaning or
maintenance repair? Will the lightwell heat
exchanger get dirty quickly?

Another interesting question is how well the
arrangements for internal separated rooms
work in terms of air flow quantity, quality and
attenuation?.

What about the array of ventilation stacks?
They look interesting but they must add to
costs, which raises the question: can the con-
cept be made to work without them?

In conclusion, if this building is successful it
will open a market for larger, deep-plan, natu-
rally ventilated buildings. The commitment of
the designers to achieving this is evident from
the design and therefore one hopes that the
building will live up to its potential.

John Field is director of Target Energy Services,
www.targ.demon.co.uk

'Bunn R, Greatorex T & Stevens B, ‘Learning curve’, Building
Services fournal, 10/93.

*Ashbridge R & Cohen R, PROBE 4: Queens Building, Building
Services Journal, 4/96.

LEFT: The top floor showing one of the four
roof stack outlets and the central lightwell
whichiis sealed at this level.

Flowing naturally

The library building is designed for stack-induced
ventilation on a hol still day, based on a 4 Pa
pressure head, This'is in contrast to, say, the
PowerGen and Canon buildings which can' make use
of cross-ventilation and for which the hol still day is

not taken as the design condition because of its

relative rarity. To put this in context, a ¢ Pa pressure
Is equivalent to:
1 buoyancy due to 100 ‘degree-metres’ of stack
eftect - for example an average 5 K temperature [ise
above ambient over 3 building or stack height of 20
metres (or 10 k over 10 m of height)
~1 a wind pressure of about 2:5 m/s wind velocity
As a turther aspect, on a windy day with 15 mi /s
of wind speed, the total wind pressure is 135 Pa, in
other words thirty times the 4 Pa still day design
level - which explains the care required to avoid
draughts




