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WYSIWYG
implies a user interface that allows the user to view something
very similar to the end result

What You See — Simulation Outputs

What You Get — Real Performance

WYSIMOLWYG
what you see is more or less what you get - recognizing that
most implementations are imperfect

WYSYHYG
what you see you hope you get

YAFIYGI
you asked for it you got it

WYSINWYG
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* Width and depth of building simulation studies
* Their impact within and on the design process
e Case studies covering

* Complexities of building physics within simulation

* Need for planning, attention to detail, scrutiny
* Good communication supporting an appropriate message
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Building Physics: The engineering sciences
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Holistic design and building physics skills

Structural

Architecture

Building Physics
skills setis a

“toolbox” of
methods, models and
experiences

Lighting &
daylighting

Materials

Mechanical &

natural

ventilation

systems

Facades
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Also:

Fire
Wind
Acoustics



Defining your building simulation services

Performance based design for indoor and outdoor spaces
* Low energy,high comfort levels, high air quality

Environmental modelling

* Dynamic thermal modelling, CFD, daylight

Facade analysis

* Moisture, condensation,thermal bridging,glass performance
Mechanical and natural ventilation systems

* Supply and extract air conditions / configuration

* Configuration and size of openings

Building envelope performance

* Down draughts,overheating risk

EIA,ES

*  Wind,sunlight

WYSINWYG 8




Bounding your model: Defining geometry and physics
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Understanding the relationship between environmental variables

Larg gola
Small water Larg 2 water

feature featufe Small

“ '/l} I‘\\" A

Effect of air temperatures on:

« Thermal comfort
« Surface temperatures

Effect of humidity levels on:
« Evaporative cooling performance of still

ponds and water features
« Thermal comfort

WYSINWYG

Effect of wind on:

Local air movement within the garden —
effect of walls and terrace lounge

Air temperatures (mixing)

Evaporative cooling off water surfaces

and features

Effect of the sun on:

 Shading performance

« Surface temperatures — potential radiant
effects of surfaces on thermal comfort

« Air temperatures within the roof garden
from heated surfaces



Using indexes to explain / combine your
environmental variables, not bury them

€
HOARE

March 1pm: 27°C dry bulb, 51% RH, NW wind LEA

Sense of thermal comfort:
Very hot: @
{ Hot: @
Warm:
Slightly Warm:
Neutral: @
Slightly Cool: ®

Air temperatures

Index limits?

Air velocities

WYSINWYG .



Increasing complexity through the design stages .
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Simple geometric model (Concept) Advanced droplet model (Scheme)
Light—ray tracing (Radiance) CFD

WYSINWYG 12



Understanding risk

HOARE

Advanced droplet model LEA
CFD using a droplet model representing light,medium and heavy rain

Capture of local wind and surface film effects including secondary transport

Improved roof canopy design (integrating performance analysis into design cycle)

1.00e-09 08 5.00¢-08
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Complex facades

_ . Q
{ . Double Skin R ARE
DASF . I ® " — Facade (DSF) LEA

Office | Outside " I with vents to

- D, (e side

B

Double Glazed Unit (DGU) Single Glazed Unit (SGU) with
with air vents to each side 30mm vertical gaps (apertures
(between DSF and office) between DSF and outside)

WYSINWYG 14



Using gut feeling / experienced judgements <
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External Conditions

Wind | Direct |Diffuse|Global
speed | rad rad rad
(m/s) |(W/m?)|(W/m?){(W/m?)

Dry-bulb T| Wet-bulb
o | TC Q9

early observations very small AT
south-facing DSF, afternoon in July

WYSINWYG 15



Devising a simulation strategy
€




Closer scrutiny using sub-models
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| ik

Original DTM of 3"9 floor

WYSINWYG

7

South-facing
perimeter office

plus DSF

Checking sub model (annulus flow)
- operative temperature and flow directions

* Extremely complex model with many variables

* High uncertainty with wind, solar-heat
distributions, DSF performance, air movement
between internal and external zones



Understanding heat transfer detail within solar transmission

g-value equals
summation of

three below
components
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s2 sl

[zero angle

100% of incidence]

£9, external
reflection

exchange plus
convection

SGU

SANKEY diagram

* Relative importance of different elements — contribution to overall heat distribution

WYSINWYG



Understanding surface detail within the heat distribution

Solar Heat Flux
(W/m2)

4153
394.5

. 373.7

* Each surface has two sides (two sets of 3530
. 332.2

surface properties) 114

290.7

* Some surfaces have only incident diffuse 269
. . . 2492
radiation (shaded from direct sun), L e
. . . 207.6

some have direct plus diffuse (in sun 1869
166.1

patch) 1453
124.6

103.8

83.1

62.3

415 4t August, 11:30am

20.8 Direct radiation=413 W/m2
0.0 Diffuse radiation = 190 W/m2

450
430 T O et RS
42,0 ‘ ‘
410 ™

A0.0
39.0
as.0
37.0
36.0
a5.0
34.0
33.0
32.0 —
30 - I
a0.0
w0 SGU (outer) Blind (outer)
70 surfaces
Z5.0
WYSINWYG
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How were the blinds influencing the 3D heat transfer?
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m/s

0.30
n.za
nz7v
n.z5

n.z4
0.23
0.21
0.20
015
017

0,15
. D.14
0.1z

0.1
0.03
n.0s
0.06
0.05
.03
0.0z
n.oo

* Vertically upward movementin gap between blind and DGU in CFD (not recirculating
between these surfaces)

* Limitations of DTM, e.g.only able to attach blind to inside of SGU, HTC?

* How does the heat transfer through a closely coupled blind differ from a far coupled one?

WYSINWYG



WYSINWYG

Extracting data to simplify understanding

SGU

I'l
]

DGU

blind

Air leaving ventilated facade
at elevated temperature E

Outside
25.8°C
.e -
-3 air 1244\
> surface | Hrc =40

Air into ventilated facade at
elevated temperature due to hot
outside surfaces (about 27°C)

|
] q‘l
3TW
HTC =47
Void
31.5°C
a1
— HTC =4.8
g912W
HTC = 4.1
— 204w A
HTC = 5.0

N

95W
HTC

/|

Office
32.2°C

2.6
—>

J6W (glass)
HTC =1.0

82W (panels)
HTC =2.8

Air transfer to

>  ffice (32.2°C), 379ls

HTC = heat transfer coefficient (W/m2K)

* Hand calculations provided an ‘offset’ to better assess predictions and
increase confidence overall
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Controlling performance

actuated roof vents

HOARE
LEA
32 start of solar gains —2.4
a0 -22
- [ 50
EE—_ 1.8
5 25 18
T \--—"’_\ IR
2 24 . B =
g . 12 8
[ 1 =
E L 1.0 3
4 F] . 1 -
= 20 : . . 0.8
| | starting to partially open _
19— i r[l.f
i : > 0.4
actuated louvres 18 ; (o2
“—0 0 0 ) T T T T T T T T T T T T T T T T 0.0

at:00 0200 0400 0800 02300 10:00 12:00 14:00 1900 18:00 20:00 2200  00:00

Date: Sat 04/Aug

—— air T just below

10 min time step recording at hourly intervals roof vents
open area

WYSINWYG



Temperature (")

145

00:00

02:00

Controlling defaults and time steps

-—._.______‘____‘f..- o S —

L T T 1 T T T T T T T ]

Date: Sat 04iAug

6 min time step recording at 6 min intervals

WYSINWYG

I
: | 0 Fid Al
o W 1

- 0.0
0400 O8:00 0800 1000 1200 1400 1800 1800 20:00 2200  00:00

Detailed scrutiny exposed excessive switching
Default / notional air temperature band width used (1K)

Modified approach for controls strategy

23



Communicating results
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R S 1G = single glazed unit
] 2G = double glazed unit o0
] Surface temperature below 0°C, risk-of
2@ condensation freezing on glazing surface. 1G RH beneath skylight (50
e e o 40
20 2G RH beneath skylight |
Temp 1 2G Air T beneath skylight 30
(°C) "1 2G Surface T underside of skylight \ RH
] o
|0} 1G Air T beneath skylight | 20 (%)
R 1G Surface T underside of skylight |
G s 1G Dew point T 10
OG Condensation risk zone 2G Dew point T |
oﬁ 01:00 07 03:00 0% 05:00 0% 07:00 08 09:00 I100 11:00 . rﬁ 13:00 ]4:00 15:00 T:Og 17:00 1i:08 19:00 200 21:00 72 23:00 (TO4.
Hours

* Good communication includes simulation outputs that can be easily read and understood

WYSINWYG
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Are you competent for the intended application?

€
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|: Understands how to drive the software and get the results out
2: Successfully implements the standard test models

3: Understands the principles behind the software

4: Good knowledge of the technical manual and/or online help so

that non-standard applications can be implemented

_€ve
_€ve
_EveE
_Eve

WYSINWYG

5: Clearly explains results at the appropriate level

6: Recognised supervisor on the application of the software
/:Implements user code

8: Recognised expert

CIBSE Guide AM11 ‘Building Performance Modelling’
(2015 —to be published soon)

25



Some ideas for graduates
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* Sensitivity test | D solar and thermal transmission calculations to
better understand heat transfer mechanisms / g-value / U-value
formulation at ‘surface property’ level

* Build ‘box models’ to test application, sensitivities and tolerances
of software application for ‘single physics’, e.g. long wave radiation

* Examine how your software deals with convective and radiative
components of internal heat gains and how the heat is distributed

* Think about statistical positioning of climate data and potential
impact of using different targets

WYSINWYG
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Turning WYSINWYG into WYSIWYG
Education Education Education! roass
(understanding and training)

Application Application Application!
(what’s appropriate and practical in budget and time?)

Defaults Defaults Defaults!
(watch out for and understand the...)

Limitations Limitations Limitations!
(know and explain your...+ assumptions + simplifications)

Interpretation Interpretation Interpretation!
(a ‘measured’ sale of your message is a valued one)

Black Box = Blind Box = Pandora’s Box!

WYSINWYG 27



Any Questions? 3
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Data Centre and

Arts, Culture and Heritage Courts and Emergency Mission Critical Defence Distribution Education
ission Criti

Healthcare Hotels and Resorts Infrastructure and Energy Leisure Manufacturing and Process Prisons

Residential
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