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1988 Oriinal Paper

Google searchMechanical Air Distribution
and Interacting Relationships

http :// repository.tamu.edu/bitstream/hand
1€/1969.1/6566/ESL -HH -89-10-
05.pdf?sequence=3
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MAD -AIR Agenda

A System thinking

A A few air flow fundamentals

A 26 house study of pressure differences

A Soil depressurization study

A % of house airoriginating from the garage

A % of house air originating from the crawl
space

A Code changes that effect MADAIR
A Real world effects o (@)

advanced
energy



Dealing With Houses Requires System Thinking

A system isa wholethat derives its characteristics
(good or badjrom the interactionsf its essential
par t s @ane takandkseparately
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A House Is a System

A house is system
thatderives its
characteristics

(good or badjrom

the interaction®sf its
essential
partseée. . an
taken separately.

All are esSential, none are Stjfflqent
No part of the houseis ahouse; only the Wholels
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System Thinkin

A The defining behavior of a high
performance home

. Healthy and safe
Durable

. Comfortable
Energy efficient
Environmentally responsible

g AW e
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o b 5 :
Mechanical  oAppliances  oQcupant Lighting ‘Stracture 'Utﬁit_ies

A system Is a whole that derives Iits
characteristicsf r om t he | nt {
essenti al partseé. an




MAD -AIR Demands Homes Be Viewed As

A System

} A HOME Is a whole that derives its
characteristics or behavior from the interactions

of 1ts essenti al part
separately.

Ahome0s @0 C €SS
the interactions of its OCCUPANTS
essential parts

iy ity
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A House tightness
A Duct tightness

A Equipment efficiency

A Standards A Fan efficienc
. y
A Building products & Specifications

© 2015 Advanced Energy A advanced






MAD AIR Facts

A The tighter the house envelope, thegreater
the pressure between inside and out.

Leaky House Tighter House
2’200CFM50 800 CFM50
7 ACH>° 4 ACH>0

© 2015 Advanced Energy | '~p*advanced
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3 Driving forces
1. Wind
2. Heat (stack pressure)

3. Fans
I Duct leakage
I Interior door closure
i Exhaust and supply fans

I Imbalanced flow In zones
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One portion of air out equals One portion of air In

———
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Ailr Is A Carrier

iy ity
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Duct leakage

3. Fans
I Duct leakage
I Interior door closure
I Exhaust and supply fans
I Imbalanced flow in zones




One portion of SUPPLY air out
= One portion of unconditioned air In

Supply
Leakage
To

Outdoors

ipid jvanced
yoL s energy
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Supply Leakage To Outside Can Cause
A Negative Pressure In The House
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One portion of RETURN air in =
One portion of conditioned air out

Return
Leakage
From
Outdoors

ipid jvanced
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Return Leakage Can Cause
Positive Pressure In The House
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236 Houses
FL, NC, TN and WA

80
70
60
50
40
30
20
10

Air change rate
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22 Two Story Colonials
With Basement Ducts

B Duct leakage to outside
®m Duct leakage to inside

© 2015 Ad dE advanced
Source: NAHB Researc h and EPA FeIneEe A=)y &£ :



8 Basements House Air tightness Versus Duct Air

tightness
House House Duct House House House
Number | S0.In. | Sg.in. |Volume |ACH50 |ACH (Nat)
1 | 228 | NA [32,000| 3.27 | 0.21
2 | 290 | 349 |34500| 4.05 | 0.26
3 | 237 | 399 |27,000| 4.04 | 0.26
4 147 177 |15,400| 5.06 | 0.33
5 | 179 | 250 |16,200| 5.09 | 0.33
6 | 192 | 271 |24600| 3.60 | 0.24
7 | 215 | 249 |20,500| 4.83 | 0.32
g | 309 | 610 |41,000| 3.48 | 0.23
AV 229 288 |26,400| 4.18 | 0.27

Source: Energy Conservatory and NFR
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What is the probability?

Nardy
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MAD -AIR 1992

A 26 house study to show interactions
A House age 15 years

A Duct leakage

A Interior door closure

A Exhaust devices

A Combination

‘'t advanced
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MAD-Al R 1 s a func

1.
2.
3.
4.

"ightness of the home
‘ightness of rooms
Flow to rooms and house

Existence or the free flow of return air
(single zone houses)

. Exhausted air from the house
6. Supply air to the house
/. Occupant behavior

ol

' = advanced
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2015 IECC Climate Map &
House Tightness 3ACH®

Marine (C) Dry (B) Moist (A) 3 through 3

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands
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All houses leakier than 2015 IECC

Leakage Area in Square Inches

N

1 3 5 7 9 11 13 15 17 19 21 23 25

Number of Houses
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Duct Leakae Effects

A Duct leakage

© 2015 Advanced Energy | 33 ; EEE?QEEEI



Duct Leakae To Outside Effects

I?ascaITc.

Duct Leak Pressure Difference
(House With Reference to Outdoors)
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Pressure dn‘ference N Pascals
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Duct Leak Pressure Difference
(House With Reference to Qutdoors)

= 4
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Pressure dlfference In Pascals

Number of Houses
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Interior Door Closure Effects
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Supply CFM Doors Open Supply CFM Doors Closed

192 m

198 180 |
‘. : «ﬂlla

185 158

75 76
105
167 218
185 155
102 90 | :

1208 CFM delivered flow 1152 CFM delivered flow

Source: Infiltration Rates and Pressure Differences in Florida Homes Caused by Closed Int&i8P Bodfyauaes Eperay | aa advaﬂced

Central Air Handler is On FSEC James B. Cummings and John J. Tooley



Closed Bedroom WRT Outside

PressureDifference in Closed Rooms
AW WK S an FAE SN N

Pascals

2]

Number of Houses

Bedroom
WRT Outside

i

o,
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Door Closure PressureEffect Test

No more than3 pascals

of pressure difference
between the inside and
outsidewith all bedroom
doors closed andthe heating
or cooling system on high
speed.

iy, ity
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All Interior Doors Closed
(HouseWith Reference to Outdoors)

[
) 3 |25
I Main-body
= WRT
G Outdoors
an L]
= e |
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2. 3. 4. 5. 67.8.9

© 2015 Advanced Energy A advanced



[ CH1: MAS10007.TMP TH5104
RG:1 E:0.94 SC:NORM




2] CH2: MA510014.TMP TH5104 =10] x|
RG:1 ED.94 SC:NORM o4ms7
| 14:24:11

 : advanced
£ energy




Doors Open Then Closed 20 Minutes

Fixturc (light out) 81.4 I Fixture (light out)

< e
o -

B 1 0
Ceiling 75.8°, - Ceiling 77.7

.
Fixture (light out) 82.3° St 1xture (light out) 85.5°
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Infiltration Rates In 5 Houses With Interior

Doors Open and Closed (Tracer gas

B Interior doors open (Ave. 0.31)= Interior doors closed (Ave. 0.91
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Source: Infiltration Rates and Pressure Differences in Florida Homes Caused by Close® [2oasokddaacsivbesrgine gﬂgﬁncad
Central Air Handler is On FSEC James B. Cummings, John J. Tooley and Neil Moyer L gy




Natural Infiltration Rate Vs.
nterior Doc |

Mean

1 3
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Measured Infiltration Rates In One
Home With Various Interior Door Positions (Tracer Gas)
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Depressurization (Pa) of the Main Body Caused b
Interior Doors Closed and AHU Operation 4 @&\
Estimated Time Occupants Close Rg®as

\) °C

\

100%

69 Home!

oo
3
>

Door Closure (%)
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Pressure Balance Defined

A All rivers that are dammed,
release water in order to
manage water levels behind
the dam

A Allowing adequate water to
the river below, neither too
much nor too little

A All air dammed behind a closed
Interior door must be released
to manage levels of comfort,

energy use, moisture

condensation and mold
A Allowing proper air flow from

thle closed room 'to the main

too much nor too little

portion _of the house, neither

Hall
Ceiling

| L

Bedroom
Ceiling

ed






A Good Building Code 1997

A 1902.5 Return Air Intake:

Al Return air may tr ave
space to the return air intake If there are
no restrictions, such asdoors , to the air
movement . o

'~pt advanced
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2015 IMC and ACCA Manual D

A 2015 IMC - 601.5.3 Return Air Openings

The amount of return air taken from any room or
space shall not be greater than the flow rate of the
supply air delivered to such room or space.

A ACCA Manual D i Returns : A low-
resistance return path is required for each zone.
If a room is isolated from one of the returns,
transfer grills can be used to establish a
circulation path between the isolated room and
the return

© 2015 Advanced Energy | fw »* advanced
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Transfer grilles are typically sized at 200 fpm face velocity or
300 fpm core velocity and in 5ome Cases 3 value of 150 {pm
face velocity ig nsed to minimize the pressure drop. [If door
undercuts are used in liewor goor grlles, allow 1 fnch of ue-
dercut for each 60 CFM of mtum air] ATso note that prvacy
(sight and sound) should be maintained. A line of grlles
specifically designed for this application i avgilable from
mahy manfacturers.

11-1
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Fan Effects

A Interior door closure
A Exhaust devices

‘% advanced
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More Flow Out of Tighter Houses?




Pascals

Interior Doors Closed and Exhaust Fans On

(House With Reference tadOutside)
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Doubling the flow does not double the pressure

300 Pressure difference in pascals
. 10 806@)5003530
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House #21 (Tuhte,

Call backs and clalm

Pressure difference in pascals
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House #22 (T t“evr /

A

Call backs and clairﬁ

Pressure difference in pascals
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House #1 Leakiest

Pressure difference in pascals

30
25
20

v,

House WR

A

Call backs and claim
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House #1 Dominate Duct Leak Pressure

Pressure difference in Pascals
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House #2 Secoll M

N

tside

A

Call backs and claims ¢

Pressure difference in pascals
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Pressures can cause

A Soil gas entry
A Garage vapor entry
A Combustion problems
I Spillage
I Back-drafting
I Flame roll-out
A Moisture damage and mold

‘mp % advanced
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Soll Gas Sources and Pathways Into The House

Showering
and Bathing

Herbicides
Fertilizers

0

[Soil:_Radon, o ] Sewer pipe leaks
Pesticides/insecticides Septic drain fields

Mt advanced
L C £ energy
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Soll Depressurization Study

-25.0 Pa.
House WRT Outside

6.7/75pa 9.25pa /.5pa
F.opa 45pa 3.5pa 3.0pa
2.5pa 425pa 1.8pa

4.0 pa

‘mp % advanced
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Pest Control
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Air
Transported

This house Is

depressurized



Air
Transported

This house Is
depressurized




This house is
depressurized

Air
Transported




Often We Donot Know
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Comparison of Median Infiltration Rates
Proportion of House Air Originating from Gagage

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%
Forced Air
‘Furnace
In Garage
N=1
Stephen S. Morris, P.E.

Municipality of Anchorage _
Department of Health and Human Services

31 Houses

Forced Air

Furnace

In House
N=5

Hydronic
y =11
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69 House Study (Alaska)Benzene

A Class A carcinogen

I US Govt. Minimal Risk Level (MRL
= 4 ppb)

I One of the Top Ten Most
Hazardous Air Pollutants

A Gasoline
T 3-5% benzene

60% of homes with attached
garages had benzene levels that
exceeded the US Govt. Minimal
Risk Level (MRL =4 ppb)
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