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Figure 11.1: Building with no internal separations with opening at the bottom
(Adapted from G.O. Handegord, 1998)
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Figure 11.2: Building with no internal separations with opening at the top
(Adapted from G.O. Handegord, 1998)
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Figure 11.3: Building with no internal separations with openings at top and bottom
(Adapted from G.O. Handegord, 1998)
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Figure 11.4: Basic two storey house with vented attic
(Adapted from G.O. Handegord, 1998)
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Figure 11.6: Two storey house with operating chimney
(Adapted from G.O. Handegord, 19398)
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Figure 11.8: Stack effect pressures in high rise office building
(Adapted from G.O. Handegord, 1998)
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Figure 11.9: Multi-storey building with floor spaces isolated from vertical shafts
(Adapted from G.O. Handegord, 1998)
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Figure 11.12: Apartment building with tighter apartment entry doors
(Adapted from G.O. Handegord, 1998)
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« No air pressure differences result
in a house with an air handler and
ductwork located in a vented attic
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delivered to each room equals
the amount removed
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Leaky Ductwork and Air Handlers
in Vented Attics
« Supply ductwork and air handler
leakage is typically 20% or more
of the flow through the system
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Duct Leakage Should Be Less Than 5% of Rated Flow As

Tested By Pressurization To 25 Pascals
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Supply Retum Supply

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
I'he thermal barrier and pressure boundary enclose the conditioned space.
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Figure 3.18

Insufficient Return Air Paths

» Pressurization of bedrooms often occurs if
insufficient return pathways are provided;,
undercutting bedroom doors is usually
insufficient; transfer grilles, jump ducts or
fully ducted returns may be necessary to
prevent pressurization of bedrooms

Master bedroom suites are often the most
pressurized as they typically receive the
most supply air

* When bedrooms pressurized, common
areas depressurize; this can have serious ——"ﬁ\
consequences when fireplaces are located

in common areas and subsequently

backdraft
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Flow Through Orifices

Turbulent Flow - “inertial effects”

Flow Through Porous Media
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Figure 2.11
Three Dimensional Multi-Layer
Multi-Cell Analogue
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Figure 2.5
Modes of Air Flow

(from Bumbaru, Jutras and Patenaude, 1988)
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Leakage
Flow
@

Q=f(Dp) » k (Op)°

Q = ar flow, volumelunit of time
Dp = pressure difference
k = coefficient
b = exponentin approximate .
leakage function 1>5>05 f=05
Pressure Difference
(Ap)
Figure 2.6

Characteristic Curve of Leakage Flow as a Function of Pressure Difference
(from Nylund, 1980)
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4~ Leaky air handling unit
and supply ducts

Supply Return Supply

© 0 ©

Depressurized conditioned space
inducing infiltration

Note: Colored shading depicts the building’s thermal barnier and pressure boundary.
The thermal bamier and pressure boundary enclose the conditioned space.
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Supply Return Supply

,-’"‘]_L' L\

Note: Colored shading depicts the building's thermal barrier and pressure boundary.,
The thermal barrier and pressure boundary enclose the conditioned space.
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Note: Colored shading depicts the bulkding's Berrmal barrler and pressure boundary
The thermal barrier and pressure bouncary enclose the condoned space.
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Note: Colored shading depicts the bullding's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enciose the conditioned space.
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Supply

Al ductwork
and air handling
unit completely
contained within
the conditioned

space

Floor supply and
ceiling return on
upper floor

Ceiling supply
and floor return
on lower floor

b‘\

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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=P supply

Return at
ceiling in
central Transfer grilles
hallway (to “bleed”
and high in pressure from

master secondary
bedroom wall| | hedrooms)

/ﬁ\

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Return at
cgtlelr.\;?ar Transfer grilles
(to "bleed”
hallway

pressure from
and high in secondary

maslter
r
bedroom wall bedrooms)

__-——-—'LL, L\

Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Dropped ceiling with continuous
bead of caulk at perimeter and
all joints

Pressure
relief grille
In hallway

Transfer grille into
dropped plenum

Gypsum wall board

<+—— Stud cavity; build
“short” wall first and
cap with dropped
ceiling plenum
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Molonzed damper — typically Constant sirfiow regulator
closed (connected to tee

Smoke and hot gas vent
(37,% of shaft or 3 & ‘— —.* Exhusust from olovator shat

por elovator car) ._]
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‘ ’ ‘ and bat
exhaust
Bah

m_ Bedroom,,
bd Kitchen,
’ ‘ and bath
oxhaust
Kinchen Ban Bedroom
Bedeoom
O O Michen
AR e
exhaust
Knchen Banh Bedroom

—

Distributed Ventilation
* Individual unit exhaust ventilation fan exhausts (during
occupancy) from each bedroom, bathroom, and kitchen

* Operation of system is time of occupancy sensitive — on
only when occupled
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Health Science Basis for Ventilation Rates is
Extremely Limited
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited

Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness
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Figure 1: Minimum ventilating rate history.
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.35 ach
.30 ach
.25 ach
.20 ach
.15 ach

House

2,000 ft2
3 bedrooms
8 ft. ceiling

Volume: 16,000 ft3

93 cfm
80 cfm
67 cfm
53 cfm
40 cfm
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House
2,000 ft2
3 bedrooms
8 ft. ceiling
Volume: 16,000 ft3

Ventilation Rates

.35ach 93 cfm 62-73 5 cfm/person 20 cfm

.30 ach 80 cfm 10 cfm/person 40 cfm

.25ach 67 cfm 62 - 89 15 cfm/person 60 cfm

.20 ach 53 cfm .35 ach 90 cfm

.15ach 40 cfm 62.2 - 2010 7.5 cfm/person 50 cfm
+0.01

62.2 - 2013 7.5 cfm/person 90 cfm

+0.03
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Office
Occupant Density

15/1000 ft2 (67 ft2/person)
15 cfm/person

5/1000 ft2 (200 ft%/person)
17 cfm/person

Correctional Facility Cell
Occupant Density

20/1000 ft2 (48 ft2/person)
10 cfm/person

62 - 89

62.1 - 2007

62.1 — 2007
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C.P. Yaglou
Harvard School of Public Health
1936
1955

150 ft3 —> 20 cfm/person

300 ft2 —» 12 cfm/person

C.P. Yaglou

Harvard School of Public Health
1936
1955

150 ft3 —> 20 cfm/person 18.75 ft2 106 occupants

300 ftt — 12 cfm/person 37.5 ft2 53 occupants

Experiment
470 ft2 —> 59 ft?
200 ft3 —>  251t?

100 ft8 —> 12 ft2
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Aubin, D., Won, D.Y., Schleibinger, H., 2010
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conditioned area

bedrooms plus one

ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of

Occupancy is deemed to be the number of
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems
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IRC 2015 and 2018 calls for 7.5 cfm per
person plus 0.01 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one
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3 Bedroom House — 2,500 ft2
30 cfm plus 75 cfm
105 cfm
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3 Bedroom House — 2,500 ft2
30 cfm plus 25 cfm
55 cfm
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Dilution Is Not The Solution To Indoor
Pollution

Source Control
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Dilution For People
Source Control For The Building

Building Science Corporation
Joseph Lstiburek 214

© buildingscience.com

May 16, 2016

107 of 128



University of Toronto Ventilation May 16, 2016

Target Range |

re— Winter Summer —»

Uncomfomblyé
Dry* !
0 25
20 75

Relative Humidity (RH) %
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Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer
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Fireplaces
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Approaches
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Outside
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air
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Outside
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Exhaust
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Outside

air
Exhaust

air

Exhaust
air
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Outside
air
Exhaust
air
Exhaust
air

Interlocked
kitchen hood
make-up air
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Outside

air
Exhaust

air

Exhaust
air

Interlocked
kitchen hood
make-up air
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ventilator
— Bath

Exhaust
air

Outside
air

S f |\
Iﬁw Exhaust
air

Kitchen

Interlocked
kitchen hood
make-up air
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Bedroom j Heat exchange

Kitchen

Exhaust
air

Outside

air
Exhaust
air

Interlocked
kitchen hood
make-up air
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Exhaust
air

Outside
air
Exhaust
air

Heat exchange
ventilator

Kitchen
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Exhaust
air

Outside
air

Exhaust
air
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Heat exchange l

ventilator Outside

air

air

Interlocked
kitchen hood
make-up air

Exhaust

Exhaust
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air

air

air

Interlocked
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Exhaust

Outside

Exhaust
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Build Tight - Ventilate Right
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Build Tight - Ventilate Right
How Tight?
What's Right?
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa

Assembly 0.20 l/(s-m2) @ 75 Pa

Enclosure 2.00 l/(s-m2) @ 75 Pa
0.35 cfm/ft2 @ 50 Pa
0.25 cfm/ft2 @ 50 Pa
0.15 cfm/ft2 @ 50 Pa
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Getting rid of big holes 3 ach@50
Getting rid of smaller holes 1.5 ach@50
Getting German 0.6 ach@50
Best

As Tight as Possible - with -

Balanced Ventilation

Energy Recovery

Distribution and Mixing

Source Control - Spot exhaust ventilation
Filtration
Material selection
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