
The band of Sun
 At three times of year (each 

solstice and equinox), the noon 
solar altitude is determined.

 Solar altitude at solar noon: 
 Altitude (ß)=90°-latitude°(Lat.)±Δ
 Δ=23.5° for summer and winter 

solstice (for spring and autumn 
equinox, Δ=0°)

 Seoul: Latitude: 37°34'N. 
Longitude: 126°57'E

 76°16'(summer solstice), 
29°16'(winter solstice)

 Good for analyzing the portion of 
available solar radiation.  
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The summer solstice

The winter solstice

The equinox



Zion canyon visitor center

 Passive solar: the band of Sun 
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Skyline

 The skyline is what is 
actually seen from a given 
location. 

 Good for obstruction 
analysis. 

 Time slot of interest: 9 
A.M.-3 P.M. (‘best’ solar 
collection hours) 
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Sun and shadows: model techniques

 Time consuming & expensive to build
 Can reduce analysis time
 Good for studying multiple locations, generating multiple 

views, allowing real 3-D views, comparing alternatives 
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Controlling solar reflections
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Selective protection
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Controlling solar reflections

The Walt Disney concert hall shoots heat rays: The five most 
embarrassing architectural failures ever!!

http://www.cracked.com/article_19682_5-most-embarrassing-architectural-failures.html
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Vdara hotel, Las Vegas

Images: https://gnarlyarchitecture.wordpress.com/2011/11/30/a-visit-to-the-vdara-death-ray-2/
http://slideplayer.com/slide/5849837/
https://www.nbclosangeles.com/news/weird/Las-Vegas-Vdara-Hotel-Death-Ray-104041383.html

Las Vegas hotel deals with so-called "Death Ray"
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Airflow: air pollution
 Greenhouse effect is being 

amplified because 
greenhouse gases that 
block the outgoing flow of 
long-wave radiation (heat) 
from the Earth surface are 
accumulating in the 
atmosphere (Fig. 3.24) 

 Energy production and use 
are contributing heavily to 
these greenhouse gases, 
which include CO2, methane, 
nitrous oxide, CFCs, etc.

 Buildings are substantial 
contributors to the 
aforementioned threats.
 1/3 energy consumed 
 Chlorofluorocarbons (CFCs) 

used as refrigerant in 
building refrigeration 
equipment 
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http://www.yourbuilding.org
11



Local sources of pollution

 must be minimized or isolated (Fig 3.25)
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Wind control

 Wind changes from 
resources to 
detriment with the 
diurnal and 
seasonal changes. 

 The general 
patterns of wind 
flow: Fig. 3.26

 For detailed 
analyses, wind 
tunnel tests using 
scale-models are 
employed.

*detriment: a harmful thing
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Windbreak

 Windbreaks are 
commonly used to 
protect outdoor areas; 
these can be fences or 
plants.

 Before wind reaches an 
obstacle, it slows, builds 
positive pressure, turns 
upward or sideways, 
passes the obstacle, 
increases its speed.
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Wind behavior expected from typical 
building arrangements:
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Wind patterns

Wind behavior expected from typical 
building arrangements
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Ventilation w/ or wo/ cooling 

 Ventilation is the delivery of 
fresh air to provide oxygen and 
carry away CO2, body odors, 
indoor pollutants, etc. 

 Recommended rates:
 USA: Tables F.1- F.2
 Korea: 0.7 ACH (Air Changes per 

Hour)  prescriptive approach 

 Passive cooling: Fig. 3.33 
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This shall be used when actual occupant density is not known.

This rate is based on the default occupant density.
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Design decision regarding a clerestory: prevailing wind

winter

summer

Figure 3.37 captures design decision issues 
regarding a clerestory – whether it should face 
to the North or to the South.
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Please note that prevailing wind directions change with the seasons.



DB temperature: (X-500)*0.1
Humidity ratio (0.1g/kg)
Direct solar irradiance (kcal/hm2)
Diffuse solar irradiance (kcal/hm2)
Cloud cover (0-10)
Wind direction (1-16)
Wind speed (0.1m/s)

Calendar (month, day, day of the 
week)

Weather data file
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Image source: https://www.smhi.se/en/services/professional-services/data-and-statistics/wind-roses-for-analysis-of-local-wind-conditions-1.124512

Wind roses for local wind analysis 

The prevailing wind blows from the southwest. 



Analysis of prevailing wind

Over a year Seasonal (red: summer, green: 
spring/fall, blue: winter)

Windroses of mean wind speed (m/s) and direction (Seoul, Korea)

Hyun, S.H., Park, C.S. and Augenbroe, G. (2008), Analysis of uncertainty in natural ventilation predictions of high-rise apart
ment buildings, Building Services Engineering Research and Technology, vol.29, no.4, pp.311-326 25



Air velocity and comfort

 Wind can cool people in hot weather, yet it can become 
annoying at higher speeds.

 Manual controls for openings are a necessary part of a 
natural ventilation design.

 Proper sized and placed openings must be provided. 
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Wind, daylight, and Sun

 The design constraints of 
both daylighting and cross-
ventilation tend to limit 
building width  Fig. 3.36(a)

 Increasing urban density and 
reliance on electric lighting 
and mechanical cooling have 
changed design responses. 
 Fig. 3.36(b)

 Trend back to arranging 
office spaces close to 
daylighting is occurring. 
Buildings are slowly trending 
toward operable windows.

 (a)  (b)  (a), especially 
in Europe. 
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Plants can do several roles
 A typical approach to fixed 

sunscreen design in U.S. 
temperate zones: 
 to shade a half of the 

south window in a 
residence from Mar. 21 to 
Sep. 21. 

 to shade all of a window in 
an internal load dominated 
building from Mar. 21 to 
Sep. 21. 

 For sun position is identical 
at Mar. 21 and Sep. 21, the 
monthly average 
temperatures are different. 
March is a colder month 
than September. Average 
temperatures for June and 
September are quite similar.

 Full solar radiation is more 
welcome in early spring 
than in early fall.   

In contrast to fixed sunscreens/overhangs 
(Fig.3.40), deciduous trees(plants) do most of 
their shading from the middle of June to early 
October.

March – June  - September
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Smart shading device
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May July

November January

Note that the sun’s path is 
identical in late May and late 
July.

The sun’s path is identical in 
late November and late 
January.



Smart shading device

Plants can enhance privacy, slow the 
winter wind, reduce glare from 
strong sunlight, and/or prevent 
summer sun from entering and  
overheating buildings. 

Deciduous plants do most of their 
shading (because of their leaves) 
from the middle of June to early 
October, giving windows access to 
solar radiation throughout much of 
the spring months.
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For internal load dominated large buildings, a tree that foliates early in spring, 
defoliates late in fall, and has low transmissivity is advantageous.
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Case study: Aldo Leopold Legacy center
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Daylighting to reduce the use of artificial lighting 



Case study: Aldo Leopold Legacy center
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Fig. 3.47 building section showing strategies for lighting, heating, cooling and ventilation


