Advanced Building Science

e Design Conditions
— Interior (based on thermal comfort, etc.)
— Exterior (based on macro & micro climate)

— Unconditioned spaces (somewhere in between)

e Readings
— HF: Chapter 14
— BSBE: Chapter 3
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Design Conditions

* |Indoor design conditions
— physiological principles
— moisture and humidity

e Qutdoor design conditions
— heating design conditions
— cooling/dehumidification design conditions
— mean daily range

 Unconditioned spaces
— predicting temperatures
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Design Conditions
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Figure 3.2: Environmental conditions and enclosure loadings

Source: Straube & Burnett, Building Science for Building Enclosure, Chapter 3
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Indoor Design Conditions

e Building Conditioning Types
— Temperature
— Humidity

— Pressure

e Residential
— Winter temperature: 65 to 70 degrees
— Summer temperature: 72 to 78 degrees
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Indoor Desigh Conditions

Table 3.4: Types of conditioning for buildings

Temperature. Humidity Pressure

Type Control Control Control ERampics

la ® Heated house, warehouse

Ib @ @] “" Heating and normal A/C
- lc @ 9] Heating + exhaust fans

[ d ‘. @) @) Heatingm-:AfC + exhaust fan;mm
B ifa ; HHHHHHHHHH @ Museum, fruit storage

b ® @ “' ) Pressurized + cor;trolled .
o ® @ ] Special Iabs;”::hip Biidication: -

v e @ Dust sensitive manufacturing

v ® @ Special food storage M

\;I @ Cement factory

Note: @ Directly controlled O - Incidental Implicit

Source: Straube & Burnett, Building Science for Building Enclosure, Chapter 3
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Exterior Design Conditions

Source: Sraube: Straube & Burnett, Building Science for Building Enclosure, Chapter 3
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Figure 3.4: Lstiburek's climate zone classification [Lstiburek 2005]

BBE 4414/5414: Advanced University of Minnesota — Bioproducts & Biosystems Engineering

Building Science Fundamentals

© 2016 Regents of the University of Minnesota. All Rights Reserved




Outdoor Design Conditions
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Straube & Burnett, Building Sgience for Building Enclosure, Chapter 3
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Figure 3.11: Temporal variations in weather

Source: Straube & Burnett, Building Science for Building Enclosure, Chapter 3
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Outdoor Design Conditions

Parapet generates suction pressures,
provides shade from low sun

e
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Bt Awning shades wall and
| —~— window from high angle sun,

| protects from most rainfall

Projecting sill sheds rain
water, redirects surface
drainage below window

Source: Straube & Burnett, Building Science for

Figure 3.9: Enclosure-specific microclimate Building Enclosure, Chapter 3
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Outdoor Design Conditions

Weather Data
— Heating design conditions™
e generally occurs between 6:00 and 8:00 a.m. (suntime)
— Cooling/dehumidification design conditions*
e generally occurs between 2:00 and 4:00 p.m. (suntime)
— Mean daily range
e useful for summer cooling
— Heating degree days
e useful for energy estimating
e sometimes used in below grade approximations

* Used to be winter/summer percentiles, now annual percentiles
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Solar Radiation

2009 ASHRAE Handbook—Fundamentals

EARTH-SUN LINE

VERTICAL SUIE’EACE
TILTED SURFACE

P

SOLAR ALTITUDE ——nr

SOLAR AZIMUTH

NORMAL TO
VERTICAL SURFACE

Source: ASHRAE Handbook of Fundamentals 2009, Chapter 14

Fig. 3 Solar Angles for Vertical and Horizontal Surfaces
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Solar Radiation
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Source: Straube & Burnett, Building Science for Building Enclosure, Chapter 3 Figure 3.18: Solar gains - clear day values on July 21 at 45°N (W/m?)
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Annual Rainfall

Climate Zones

— North America

over 1500 mm
. 11000 - 1500 mm

| 500 - 1000 mm

- under 500 mm

Source: Straube & Burnett, Building Science for Building Enclosure, Chapter 3 0.2 AT ial it Wt g

BBE 4414/5414: Advanced University of Minnesota — Bioproducts & Biosystems Engineering

Building Science Fundamentals © 2016 Regents of the University of Minnesota. All Rights Reserved




Unconditioned Spaces

Predicting Temperatures
— Generally between indoor and outdoor conditions

— Function of heat gain from conditioned space
relative to heat loss to outdoors

— Rule of thumb
e cooling mode: t, =t -0.667(t -t,)
* heating mode: t, =t - 0.50(t, - t,)
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In Summary

Questions and Discussion
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Preview for Next Class

* Intro to Air Exchange
— Basic concepts
— Terminology

e Readings
— HPE: Chapter 3.2
— HPE: Appendix B.11
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