Air Movement In Buildings
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© GBE NGS ASWS BrianMurphy 2007-2019 CPD in 10 parts
No.4 UH M Arch 2019 264 slides on out of 500 slides

¢ Principles of Element Design
* Climate Change

* Wind

* Wind Tunnel Testing

* Wind Turbines

* Natural Ventilation

* Moisture Vapour & Condensation
* Thermal Insulation

¢ Breathing Construction

« Airtightness

* Wind & Airtightness Testing

Passive Ventilation
Active Ventilation

Stack Effect

Atrium

Solar Orientation & Sola
Conservatories
Thermal mass
Conduction, Convection
Solar Shading

Fluid dynamics
Mechanical Ventilation
Air-Conditioning

r Gain

, Radiation

Thermal mass, Passive and active cooling

* Building Elements

GBE CPD Seminar Series

Educational Objective:

— Comprehensive introduction to subject: from tornadoes to
air-conditioning and a lot more in between

- is on envir
— design primer: addressing principles and solutions

— technically rich: materials, construction, services & testing
- Related GBE CPD Seminars indicated

- Questions and answers for each subtopic in file 10

Audience:

- Architecture Students Part 1 Year 2/M Arch

~ CPD update for all levels of experience & knowledge
Delivery:

- 3to4 hours ing upon i partici

— Image only slides 1 hour 265 of 500 turned un

- Reading 1 hour

— 26 subject breaks to enable subdivision

« Principles of Element Design

+ Climate Change

Wind

Wind Tunnel Testing

*  Wind Turbines

* Natural Ventilation

* Moisture Vapour &
Condensation

* Thermal Insulation

* Breathing Construction

- Airtightness

« Wind & Airtightness Testing

* Building Elements

+ Passive Ventilation

Air Movement in Buildings: 1 of 9
Sub-topics in 10 separate files

* Active Ventilation

« Stack Effect

*  Atrium

* Solar Orientation & Solar Gain
+ Conservatories

« Thermal mass

* Conduction, Convection,

Radiation

+ Solar Shading
+ Thermal mass, Passive and

active cooling

+ Fluid dynamics

Mechanical Ventilation
Air-Conditioning
Questions and Answers

© NGS 2004-7 Brian Murphy

Performance Speciﬂé on
Performance Drawings

Another NGS CPD sesminar to consider

G BE °D°Z° . - [

hutitnth

Climate is
Changing
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Air Movement In Buildings

Another NGS CPD seminar to consider

Another NGS CPD sesminar to consider

Future Proofing

Another NGS CPD seminar to consider

Image bank buildings

Another NGS CPD seminar to consider

Guides and Products

Another NGS CPD sesminar to consider

Air Movement in Buildings: 2 of 9
Sub-topics in 10 separate files

+  Principles of Element Design «  Active Ventilation
«  Climate Change +  Stack Effect

+ Wind + Atrium

* Wind Tunnel Testing + Solar Orientation & Solar Gain

* Wind Turbines +  Conservatories

+ Natural Ventilation +  Thermal mass

* Moisture Vapour & Condensation + Conduction, Convection, Radiation

+  Thermal Insulation +  Solar Shading

+ Breathing Construction + Thermal mass, Passive and active cooling
*  Airtightness +  Fluid dynamics

+  Wind & Airtightness Testing + Mechanical Ventilation

*  Building Elements +  Air-Conditioning

+  Passive Ventilation * Questions and Answers

© NGS 2004-7 Brian Murphy
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Air Movement In Buildings
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Wind

Affects on buildings

Listed Grade | Barn
slot windows ventilate cattle stalls

Wiltshire

© NGS 2004-7 Brian Murphy

Barn doors opposite for wind to
separate threshing from seed
Threshold holds thresh at door

Untreated Unseasoned

pllite il S

Tall plinth protec
timber from ground
water.?

Irregular pavemen »
protects from rai
splash.

Wind & air dries timber

: Architect: Smith Roberts: Peter N Roberts

Grain Barn

perforated walls let wind dry grain

Outskirts of Sandy Bedfordshire

Timber as Biomass Fuel

Fuel store ventilated to allow wood to dry without adding energy

2011119



Air Movement In Buildings

GBE =
<, R—c

Wind Tunnel
Testing

Renewable Energy: Wind

Towers: turbulence at ground level

ANTEGER
Intelligent and Green

Another NGS CPD seminar to consider

© NGS 2004-7 Brian Murphy

1NTEGER
Intelligent and Green
1960’ s Tower

p—
B=E"w

No corners
less resistance
less turbulence

less eddy
currents

2011119



Air Movement In Buildings
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Wind Turbines

GBE == )
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= Wind turbines:

2011119

Wind turbines
on buildings

Don’ t work
efficiently, too
close to
disturbed air
flows

30 VIEW OF AEOLIAN ROOF ROTORS
(Axial Flow HAWTs)

© NGS 2004-7 Brian Murphy

Attached to building: rarely work
efficiently

Close to buildings: same applies

Need to be outside of the bubble of
displaced air around the building

High enough or far enough away to
receive clean undisturbed air flow

©NGS 2004-7 Air Movement In Buildings 60
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Air Movement In Buildings

Layered Construction:
Simplifies details and
avoids interfaces:
Ventilation zone above
insulation.
Don’ t puncture Damp
proof membrane, Gas
~ proof membrane,
@Vapour barrier,
Breather membrane &
Air tightness layer.
' Add services zones to
avoid complications

Air Movement in Buildings: 3 of 9
Sub-topics in 10 separate files

« Principles of Element Design *  Active Ventilation
«  Climate Change +  Stack Effect

+ Wind .+ Atrium

+ Wind Tunnel Testing + Solar Orientation & Solar Gain
+ Wind Turbines +  Conservatories

*  Natural Ventilation +  Thermal mass

* Moisture Vapour & Condensation +  Conduction, Convection, Radiation

GBE °:°Z° . - Y ‘D“\»)W

*
£ L

Natural Ventilation

using wind & air movement

Aberystwyth Arts Centre: Architact: Smith Roberts: Pater N Roberts

+  Thermal Insulation +  Solar Shading
+  Breathing Construction + Thermal mass, Passive and active cooling
*  Airtightness *  Fluid dynamics
+  Wind & Airtightness Testing *  Mechanical Ventilation
+  Building Elements * Air-Conditioning
+ Passive Ventilation *  Questions and Answers
3 /\
NS
4 \..

Surface mounted service ducts:
Use hollow skirtjng, dado & services cover
Btk S A AR gaIgS
Traditional method may
be more airtight but:
Avoid chasing masonry
Avoid noise

Avoid masonry dust
Avoid exclusion zones
Avoid waste materials

Avoid conduits
Avoid Rendering-in

© NGS 2004-7 Brian Murphy

Avoid Plastering over

Locational Assembly: oversized
compress, offer up & release

« If rafter spacing
and insulation
size correspon

* No waste
* Do they?

2011119



Air Movement In Buildings

Open materials/construction
RGP

D41 Crib walls/Gabions/Reinforced earth
Construction & Materials

Another NGS CPD seminar to consider

Pressure
equalised
doors
invented for
towers with
high
pressure
winds at
ground level

© NGS 2004-7 Brian Murphy

hmed Earth walls:
Fhermal, acoustic
& moisture mass

Closed material

At Construction Resources

# Adobe, Welwyn
Garden City
Proctor &
Matthews
Gabion Walls

\ L .
Al e Open Joint
Weather

boarding using

Rainscreen
principles
breaks up the
pressure of the
wind on the
glazing behind

Earth Centre Doncaster

Rammed Earth
walls:
Chalk & Flint

Pines Caryx Conference Centre Dover

2011119



Air Movement In Buildings

1 Closed glass
balustrade
Offers view and
wind shelter.

" Open Mesh offers
view but little
| protection from
wind

GBE = L.

e 25

ER

‘Greenwich Millennium Vlllage and Oxford Science Park Architect: Proctor Matthews

2011119 ©NGS 2004-7 Air Movement In Buildings

127
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Moisture Vapour
and Condensation

B#  Costof heating

Cost of insulation

Insulation Thickness mm

© NGS 2004-7 Brian Murphy

50 mm. cavity
is history

300 mm. is
optimum

Ties and

tie spacings
may change

BedZED Beddington Sutton Architect: Dr Bill Dunster

Air Movement in Buildings: 4 of 9
Sub-topics in 10 separate files

« Principles of Element Design + Active Ventilation
+  Stack Effect

+ Atrium

« Breathing Construction
* Airtightness

* Wind & Airtightness Testing
«  Building Elements

+  Passive Ventilation

GBE s N oe
- itpe:AaresnBubdingEncyolopasdia. uk ‘ OW

Thermal
Insulation

dag B /. .
Long ties and deep reveals

For 300 mm. insulation

2011119



Air Movement In Buildings

Zero Fossil Fuel
Energy Development
High thermal mass L,
cavity walls and floors
Low U values
Rock Mineral Fibre .
Long 2 part cavity ties

BedZED Beddington Sutton Architect: Dr Bill Dunster

Zero Fossil Fuel :
Energy Development

High thermal mass
cavity walls, roofs
and floors

Low U values

300 mm.

Rock Mineral Fibre
Long 2 part cavity ties

BedZED Beddington Sutton Architect: Bill Dunster

GBE & — ==
. Irttpe:7GreenBulding Encyoiopasdia. uk ‘ 7W

Breathing
Construction

EVT
Enhanced
Vapour
Transfer ™

Enhanced Vapour Transfer

(EVT) and rainscreen
Hygroscopic insulation
maintain their performance
even when wet

Vapour and water released
when conditions permit

No need for Vapour Barrier
Use vapour permeable
construction

5:1 ratio VR inside:outside
and an air tightness layer

London

ic Thermal Insulation
% Newspaper

¥ Flax

Hemp

Sheep’ s wool
Cellulose

Hygroscop

Hygroscopic Insulation:

Sheep’
- T b

ﬁ THERMAFLEECE

Sheep’s Wool Thermal Insulation

© NGS 2004-7 Brian Murphy
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Airtight &
Permeable finishes

Materials

Protection:

Full hbmpp scheme

No absorbent surfaces
Pallet

Stability bracing

Corner & edge Protection
g&l_sture control

Rain Cover needed
Not Remote storage
Not off the ground e

Not JIT but JIC i .
How many doors to push over the windows?

BedZED Beddington Sutton Architect: Bill Dunster
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Air Movement In Buildings

Air Movement in Buildings: 5 of 9
Sub-topics in 10 separate files

© NGS 2004-7 Brian Murphy

.

Airtightness
& Testing

Minimising uncontrolled air leakage

G BE = g [E%

itp:/iGreanBulldngEnyciopeedia uk —

2011119
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Air Movement In Buildings

A94 on-site testing

Construction

Another CPD seminar to consider

Regulation, Energy loss, Testing, Sealing,

Leaky Buildings
I

= ' 5

50% of hg

loss is

o f through the

insulating
building

fabric and

0% through

air leakage

Airtightness

Testmg Small ioc o
“buildings ™

GBE 2
2

Airtightness of
Building Elements

© NGS 2004-7 Brian Murphy

Leaky Buildings

N

o2

Warrington Fire

TE

Another NGS CPD seminar to consider

2011119

11



Air Movement In Buildings

interpretation

at

Arup
ihull

Draft proofing ¥ - W ‘6
VS Sash

High Performance Winidows

—
Q§:
B NG

\\

¢ Aluminium outer
casement

* Timber inner casement
¢ Treble glazed
* Dust free sun blinds

B E ¥

Hardwood (Oak?)

Another NGS CPD sesminar to consider

Air Movement in Buildings: 6 of 9
Sub-topics in 10 separate files

« Principles of Element Design « Active Ventilation
«  Climate Change +  Stack Effect

+ Wind + Atrium

* Wind Tunnel Testing + Solar Orientation & Solar Gain

*+ Wind Turbines +  Conservatories

+ Natural Ventilation +  Thermal mass

*  Moisture Vapour & + Conduction, Convection, Radiation
+  Thermal Insulation + Solar Shading

+ Breathing Construction + Thermal mass, Passive and active cooling
*  Airtightness * Fluid dynami

*  Wind & Airtightness Testing + Mechanical Ventilation

*  Building Elements +  Air-Conditioning

+ Passive Ventilation * Questions and Answers

Passive & Stack Effect

Passive Ventilation

© NGS 2004-7 Brian Murphy

2011119
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Air Movement In Buildings

GBE = N B
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Active Ventilation

Air pressure driving passive ventilation

© NGS 2004-7 Brian Murphy

Passive stack ventilation

Wind
pressure
pushes fresh
« Jair in driving
stale air out,
with heat
exchange to
prevent heat
loss

BedZED

2011119
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Air Movement In Buildings

wind
pus

Active
ventilation:

captured
hed into

building,
driving air out,

heat transferred
where they pass

BedZED

Pt s soveen
Smrtisn o

© NGS 2004-7 Brian Murphy

GBE & — ==
. htipe:AreenBuling Enayciopaadie.uk ‘ 7W

Stack Effect

Stack effect
Brick Kilns:
Often lime
making in
4 widespread
; cottage
industry

2011119
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Air Movement In Buildings

Chimneys use
stack effect

© NGS 2004-7 Brian Murphy

Cooling

Staircase void
can play its part
in the stack
effect
Need airin at
bottom and air
out at top

2011119
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Air Movement In Buildings

@y

© NGS 2004-7 Brian Murphy

2011119

Chimneys replaced by Passivent at

. GPéenwich Millennium Village
A

e

Atrium & Atria

16



Air Movement In Buildings

- /

Atriu, Left; offices, Right: Open Plan

Devonshire Building Newcastle

Atria in 3 parts
helix at the edge of
the building
In 3 zones
7 stories each.
Casements in facade
or in pavement

Con

© NGS 2004-7 Brian Murphy
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Solar Orientation &
Solar Gain

Face the sun and capture free energy

Sometimes Lift
Cars add to air
movement

or lift shafts
lose heat via
permanent
vents

GBE &

*
hutitnth

Conservatories

B12 Conservatories

Source of free heat

© Andrew Pettifer
Gifford and Partners

Another NGS CPD seminar to consider
And a paper on the website to read

IN_A_COMPLEX WORLD _...... A PERSPECTIVE_ON BUILDLING TECHNOLOGIES FOR THE MAINSTR
| 3 >| ——— PR | SRR R

2011119
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Air Movement In Buildings 20/11/19

Hot house
in the middle

Zero Energy Development j
2| of winter

| Reduce demand
=== for artificial light
and heating:
Outdoor living
Conservatory life
## sunny warm cave
to retreat to in
the cold of night

No heating

8 Solar gain
Exposed
thermal mass

— Windows and

B Doors to house

HHP Hockerton Housing Project, Newark, Nottinghamshire

ieing Thermal Mass
building
elements
store the heat
g::m?:;:n and release it Ventilation, warmth and coolth
captures the sun | = later

|l

-
(=4
(2=

Hockerton HHP

RIBA #i¢
ARUP

j_ Sarien

g
=
=

]
al
)
[

S Ilel IRTTTRTTTIC RN

Conservatories

ELN I T

A= Jef e el

-

4=
=
*) ===
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Air Movement In Buildings 20/11/19

BE == g =
Zero Energy Development E.,_..,W___ =20
Reduce demand Hot house o
. for artificial light in the middle
=% and heating: of winter
Outdoor living B dz E D
& Conservatory life e
Sunny warm cave
to retreat into Conservatories
From the cold of
Hockerton Newark Nottinghamshire n_ight
Zero (Fossil Fuel)
Energy Development
s Rl
) Heavy
Profile: 168
to ensure sun penel::t:oen bmldlng
over roofs reaches sill elements
f offi ind
Sun rooms on south side Sunroom on store the heat
A& mally massive flpors w‘alls South face and release it
BedZED Bedington Sutton Architect: Dr Bill Dunster s store heat until required captures the sun l ! g"i l later

GBE =% )

GBE & .
[ e =)

*
hutitnth

National Botanic

Gallions HA Gardens of Wales

Conservatories Glass roof

© NGS 2004-7 Brian Murphy 19



Air Movement In Buildings

I....

Glass Roof: gain & loose heat

GBE =¢ N ES
@) ,.m..,.s...._%y ,. ES)

In the real world

Conservatories gone wrong

GBE == N
<7, [—_l =)

GLA Head Quarters

North Facing Conservatory

North facing conservatory

1NTEGER @ BRE
Intelligent & green

Not very intelligent Conservatory:
Secure all-weather garden
single glazed and double to house but open at top floor
Some solar shading, some planting

ANTEGER house
conservatory at
BRE is not all that
could be
Single glazed
No thermal mass|
back wall,
open to living
accommodation oA
top floor.
Just sheltered out

© NGS 2004-7 Brian Murphy

door space

GBE s N oe
- itpe:AaresnBubdingEncyolopasdia. uk ‘ ;)W

Conservatories
Gone Wrong

In the real world

Opening vents
in side walls of

{ conservatory

a " butonly half

| way up the

height of the

conservatory

2011119
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Air Movement In Buildings 20/11/19

Doors:
provide low

Windows:
none at top
Internal solar
shading:
internal radiant

heating & Solar Thermal ET for Hot Water
thermal stress Roof window & minimal PV

Rainwater:
collection and
) disposal?

Any Harvesting
and reusing?

Internal solar
shading:
Internal Solar catches solar
shading radiation
No Thermal heats up and
Mass on rear re-radiates
wall heat inwards.
Some thermal Energy
mass on floor efficient light
Top floor open to hottest part of conservatory f|tt|ngs’)

© NGS 2004-7 Brian Murphy 21



Air Movement In Buildings 20/11/19

Thermal Mass

Ventilation, warmth and coolth

Bedrooms face South
& open onto the warm conservatory

Thermal Mass
for Housing

RIBA #it
ARUP

[ e e

Sl ETTTETTIE TR O
TN ENEENTETTEEECTT

{0 {8

e 3 I O e e =
AP Je el v e ] ]

.1.
o
o
I

High Thermal Mass at surfaces
fairfaced brick, block and plank

4{=
==

=
X

Zero Energy
/N Development
Use of
thermal mass
of earth to
store heat for
6 months

Mile End Road Park

© NGS 2004-7 Brian Murphy 22



Air Movement In Buildings

V)

e\
3 )

Mile End Road Park

Zero Energy Development

Heat transfer

I N in soil 1m/mth

6m insulation
boards at
perimeter

6 months of
heat storage

© NGS 2004-7 Brian Murphy

Mile End Park.

Another NGS CPD sesminar to consider

0L L 1| Publisher:
CAT Centre

for

1

; Publications
- 2nd edition
ISBN:
1-90217-522-0
£35 (worth it)

Bill Dnster & Solar Penetration

BedZED Sutton

.

GBE &

0.0 N

00 m Y
itpe:AaresnBubdingEncyolopasdia. uk

Conduction
Convection
Radiation
Conduction

FQ)

2011119
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Air Movement In Buildings

Air Movement in Buildings: 8 of 9
Sub-topics in 10 separate files

« Principles of Element Design Active Ventilation
« Climate Change - Stack Effect

© Wind + Atrium

+ Wind Tunnel Testing « Solar Orientation & Solar Gain

«© Wind Turbines +  Conservatories

+ Natural Ventilation + Thermal mass

« Moisture Vapour & + Conduction, Convection, Radiation
*  Thermal Insulation +  Solar Shading

« Breathing Cor
* Airtightness
* Wind & Airtightness Testing

*  Building Elements.

+ Passive Ventilation

GBE == N ©
o P =R)

Solar Shading

Used to shade or permit sun passage

Solar shading:
Common in
mainland
Europe
Will become
more important
in the UK if only
we knew how

100% glazed
facade requires
100% air
conditioned
office

Operational Energy

Passive solar control avoids |
mechanical ventilation and -
air-conditioning in summer

City Place, Gatwick Wessex Water

© NGS 2004-7 Brian Murphy

2011119
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Air Movement In Buildings

shading:
catches solar
radiation
heats up and
reradiates
heat inwards.
Energy
efficient light
fittings?

© NGS 2004-7 Brian Murphy

Ly

L15 External Solar Shading

Another NGS CPD sesminar to consider

GBE == L . To)|

Passive & active
cooling of
Thermal Mass

High Performance Wingows

¢ Aluminium outer
casement

* Timber inner casement
¢ Treble glazed
* Dust free sun blinds

* Can still absorb heat and
radiate heat inwards

* Can also set up thermal
stress in glass

i

In all its forms

Another NGS CPD seminar to consider

Wessex
Water:
Bennetts
Associates

Cross
ventilation
or cooling
via atrium

2011119
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Air Movement In Buildings 20/11/19

© NGS 2004-7 Brian Murphy 26



Air Movement In Buildings 20/11/19

Fluid Dynamics

Understanding how a building works
or solving problems that arise

© NGS 2004-7 Brian Murphy 27



Air Movement In Buildings

Lower floors can
ventilate into
atrium blocking
upper floor air
upper floor over
heats.

More window
ventilation on
upper floor can
over come this.

Lower floor can
short circuit
back into upper
floor not into
atrium,
feeding hot
stale air to an
already hot
stale space

Light Well O
te)) [’
c Brown 2 9
< S
S Roof | 83
8 P &5
e Naturalil/ qéntilated L 2
= = |23
z | I Offices L 2]
2 ——— 3 ‘é
z 83
\ [i carPdrijng/Futufe Dffice |
Section

Air Movement in Buildings: 9 of 9
Sub-topics in 10 separate files

« Principles of Element Design
« Climate Change

+ Wind

 Wind Tunnel Testing

* Wind Turbines

* Natural Ventilation

« Moisture Vapour & Condensation
+  Thermal Insulation

« Breathing Construction

* Airtightness

« Wind & Airtightness Testing

*  Building Elements

« Passive Ventilation

*  Active Ventilation
+  Stack Effect

.+ Atrium

+ Solar Orientation & Solar Gain

+  Conservatories

+  Thermal mass

*  Conduction, Convection, Radiation

+  Solar Shading

+  Thermal mass, Passive and active cooling
* Fluid dynamics

+  Mechanical Ventilation

*  Air-Conditioning

*  Questions and Answers

GBE == SR A [G[5)

Mechanical Ventilation

* If open windows are not practical

¢ E.g. Urban traffic noise

* E.g. Agricultural smells

¢ E.g. Sea Breezes too strong

¢ Push cool fresh air in distribute at floor level
< Displaces hot air that moves up out of its way
« Draw hot stale air out

o
Mechanical
Ventilation
Fabric Ducting
D Air permeable

© NGS 2004-7 Brian Murphy

Distributed
widely
No
concentrated
drafts

2011119
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Air Movement In Buildings

" Laboratory
Cabinet
" Extraction
of
hazardous
chemical
gases and

products of
combustion

Zero Energy Development

o Heat

3 exchange
into rear
earth from
pipes, air
flow is

+ve pressure

relies c

© NGS 2004-7 Brian Murphy

reversed to
draw the heat
Mile End Road Park Out mﬂ
GBE == T . =
£ [—— =R
Air-conditioning

Avoid if possible

2011119

om extract & Heat Recover

Air conditioning of inadequately
insulated buildings: Rural areas

29



Air Movement In Buildings 20/11/19

Air conditioning of inadequately
insulated buildings adding to the
heat island effect of cities.
pu;hgl:eat out below open windows!

= A
'® — A |

© NGS 2004-7 Brian Murphy 30



