Advanced Building Science

e Air Exchange in Buildings
— Calculating airflows
— Superposition
e wind & stack
e balanced and unbalanced

— Simplified air exchange models

e Readings
— HF: Chapter 16.1 — 16.25
— HF: Chapter 24 => OK to “review” modeling
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Air Exchange in Buildings

The Air Balance
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Air Exchange in Buildings

To Have Airflow, You Must Have:

— Hole or path

 random (leaks)
— direct
— indirect

* intentional openings

— Pressure difference

e outside pressures

— airflow around buildings

— temperatures (stack effect)
* interior pressures

— chimneys

— mechanical systems
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Air Exchange in Buildings

Combustion and
Ventilation

Wind Effect Stack Effect

Figure 7.2: Forces driving air flow through building enclosures

7.2  Basic physics

Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 7)
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A BUILDING SCIENCE PRIMER SLIDE 1-43

PAT HUELMAN AND JOHN CARMODY
PART 1-HOW BUILDINGS WORK © UNIVERSITY OF MINNESOTA

Types of Air Exchange in Buildings

1. Air Infiltration and Exfiltration

e Random leaks
e Natural driving forces (wind/temperature)

2. Natural Ventilation

e Intentional openings (windows)
e Natural driving forces (wind/temperature)

3. Chimneys

* Intentional openings (flue)
e Thermally (or mechanically) driven

4. Exhaust Devices
e Intentional openings (vents)
e Mechanically driven (fans, etc.)

5. Mechanical Ventilation

e Intentional openings (vents or grills)
e Mechanically driven (fans, etc.)
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Physics of Airflow in Buildings

General Power Law
Q = c x (AP)" (HF 16.14)

e ¢ = flow coefficient (related to hole size)
* n = flow exponent (related to hole type)

— For a square edge orifice:

cfm = 1.07 x A x VAP
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Physics of Airflow in Buildings

- \_/ . sharp-edged

orifice
K t=0
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i | square-edged
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(i) Qrifice: t/d < 0.5
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| andfor
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0,61l flow | andfor
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(ii) Deep Orifice Flow: 10 < t/d < 0.5

laminar, n=1.0
attached flow

: I high flow
4 1
turbulent, n = 0.5
Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 7 (iii) Pipe Flow: t/d >> 10 Figure 7.4

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

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




Physics of Airflow in Buildings

Calculating Pressures -- Wind

p, = 0.0129 x C, x p X ----- (see HF 16.7)
2

* p,, = wind surface pressure (inches of water)
e C, = wind surface pressure coefficient
e p = outside air density (about 0.075)
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Physics of Airflow in Buildings

Calculating Pressures -- Stack

p. = p, — (0.00598 x p x g x H) (see HF 16.7)

* p, =stack pressure (inches of water)
* p, = stack pressure at reference height
* g = gravitational constant (32.2 ft/s?)

— For pressure at a horizontal leak:

Ap, = 0.00598 x p, x ((T;=T,) / T})) x g x (H,,,, — H)

e Tin and out (in °Rankin)
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Air Leakage

Residential Air Leakage

— Envelope leakage measurement

— Airtightness ratings

— Air leakage of building components
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Air Leakage

Leakage Distribution Range Average
— Walls 18 to 50% 35%
— Ceilings 3 to 30% 18%
— Forced air systems 3 to 28% 18%
— Windows and doors 6to 22% 15%
— Fireplaces 0 to 30% 12%
— Vents 2to0 12% 5%
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Air Leakage
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Fig. 10 Envelope Leakage Measurements

Source: ASHRAE Handbook Fundamentals 2009, Chapter 16
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Air Leakage
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Fig. 11 Histogram of Infiltration Values for Fig. 12 Histogram of Infiltration Values for
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 16
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Air Leakage

Fig. 13 Airtightness Zones for Residences in the United States
(Sherman 1995)

Source: ASHRAE Handbook Fundamentals 2013, Chapter 16
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Air Exchange

e Simplified Air Exchange Models

— Single zone vs. Multi zone

e Superposition
— When adding stack and wind (using quadrature)

— When adding air infiltration and unbalanced
mechanical
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Air Exchange

Quadrature
— Stack and wind interact with each other
— Therefore, they are not simply additive

Q=v(Q?+ Q2 (see HF 16.23)
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Air Exchange

e Basic Model (LBNL by Sherman & Grimsrud)

Q = A xV((C, x AT) + (C,, x U?)) (see HF 16.23)

e Q=airflow rate in cfm

o A = effective air leakage area in in?
e C, =stack coefficient

AT = temperature difference in °F

e C, = wind coefficient

e U= wind speed in mph
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58 Principles of HVAC

Tabie 83  Eiffeciive Leakage Area of Bullding Components (L0716 In. of waier pressure diference)
(Tabln 1, Chagear 15, 1977 ATHRA Hondbavk=Fundampias)
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Air Exchange

Table 4 Basic Model Stack Coefficient C

House Height (Stories)
One Two Three
Stack coefficient 0.0150 0.0299 0.0449

Source: ASHRAE Handbook Fundamentals 2013, Chapter 16
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Infiltration

Table 5 Local Shelter Classes

Shelter Class Description

1 No obstructions or local shielding

2 Typical shelter for an 1solated rural house

3 Typical shelter caused by other buildings across street from
building under study

4 Typical shelter for urban buildings on larger lots where
sheltering obstacles are more than one building height away

5 Typical shelter produced by buildings or other structures

immediately adjacent (closer than one house height): e.g.,
neighboring houses on same side of street, trees, bushes, etc.

Source: ASHRAE Handbook Fundamentals 2013. Chapter 16
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Infiltration

Table 6 Basic Model Wind Coethicient C

House Height (Stories)

Shelter Class One Two Three
| 0.0119 0.0157 0.0184
2 0.0092 0.0121 0.0143
3 0.0065 0.0086 0.0101
4 0.0039 0.0051 0.0060
5 0.0012 0.0016 0.001%

Source: ASHRAE Handbook Fundamentals 2013, Chapter 16

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

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

Building Science Fundamentals



Air Exchange

e Enhanced Model (AIM-2 by Walker & Wilson)

Q, = cxC x AT (see HF 16.23)

Q,=cxC,x(sxU)" (see HF 16.23)
e ¢ = flow coefficient

 C, = stack coefficient

e C, = wind coefficient

s = shelter factor

*U=GxU,_.
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Air Exchange

Table 7 Enhanced Model Wind Speed Multiplier &

House Height (Stories)
One Two Three
Wind speed multiplier & 0.48 0.59 0.67

Source: ASHRAE Handbook Fundamentals. 2013, Chapter 16
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Air Exchange

Table 8 Enhanced Model Stack and Wind Coefficients

One Story Two Story Three Story

With With With

No Flue Flue NoFlue Flue No Flue Flue

s 1.46 1.87 2.13 2.41 2.68 2.92

C,, for base- 2.14 1.95 2.34 2.14 2.34 2.29
ment slab

C,, for crawl- 1.75 1.75 1.95 1.95 2.07 2.11

space

Source: ASHRAE Handbook Fundamentals 2013. Chapter 16
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Air Exchange

Table 9 Enhanced Model Shelter Factor s

Shelter One Story  Two Story Three Story
Class No Flue  with Flue with Flue with Flue
1 1.00 1.10 1.07 1.06
2 0.90 1.02 0.98 0.97
3 0.70 0.86 0.81 0.79
- 0.50 0.70 0.64 0.61
3 0.30 0.54 0.47 0.43

Source: ASHRAE Handbook Fundamentals 2013, Chapter 16
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Physics of Airflow in Buildings

Calculating Airflows Stack

— Stack + Fan

Source: Gary Nelson, Energy Conservatory

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

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



Physics of Airflow in Buildings

| ORIFICE FLOW

» Hole in a thin flat material (special case).

» Dimensions of the hole should be less than 1/2 the
dimensions of the flat material.

« Mear sca level: CFM=1.0TxAXx \,n’lihf'jll

where: A = area of the hole in sq. inches
A P = pressure drop across the hole (Pa)

E‘ Tha Enargy Conaancatary
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Infiltration (Wind)
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Infiltration (Stack)
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Infiltration (Stack Only)

STACK EFFECT WITH 2 ORIFICES
-Su:kﬁummnflqinrﬂtﬂbmnnf}mllu:l?ﬁ.
» Flow through each hole = 10T x 144 5. in. xy 27 = 235 ofm.
1 5. ft lole
2.7 Fa g | L I
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Ventilation
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Infiltration & Ventilation

Adding an Exhuast Fan Raises the Neutral Pressure Plane
- Flow through top hole = 219 cfm. - Flow through bottom hole = 283 cfm.
- Flow through exhaust fan
=283 - 219 = 64 cfm.
“ 1sq. ft hole
2.0Pa - -

. 4 oy g
= Exl!must —
~&— Fan »

] L 6 ft.
< e
Neutral Pressure Plane [
> o
20 F : 70F - H=
B e -
— AN 10 ft
3.4Pa - - Y
? 1 sg. ft hole
% The Energy Conservatory
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Infiltration & Ventilation

Added Ventilation From Exhaust Fan

» Before fan was installed, natural v'entilation
- was 253 cfm.

« Exhaust fan was installed which moved 64 cfm.

» Total ventilation for house increased from
253 to 283 cfm.

 Added ventilation = 283 - 253 = 30 cfm.
This is approximately one-half of the exhaust
fan flow.

The Energy Conservatory

vl
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Infiltration & Ventilation

e Superposition

-— 2 2
Qcomb - Qbal +V (Q unbal + Q infiltration)

Source: ASHRAE Handbook Fundamentals 2009, Chapter 16 (16.25)
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Infiltration & Ventilation
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Infiltration & Ventilation
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Infiltration & Ventilation
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In Summary

Questions and Discussion
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Preview for Next Class

e Thermal Insulation
— What is R-value?
— What contributes to a good R-value?

— What things might reduce the overall R-value?

e Readings
— HF: Chapter 25 => 25.1 to 25.7
— HF: Chapter 26 => 26.1 to 26.13
— HPE: Chapter 3.3.1t03.3.4
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The “Original” House of Pressures
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