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Description
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In this presentation, we’ll break down residential building science 
by introducing the “house as a system” approach to construction. 
Here, we’ll show how each part of a home should work together 
with all other parts to create an effective and efficient design. 
When most people hear the term “home performance”, energy is 
what comes to mind. However, there are additional and often 
more important benefits that result from having a high-
performance home. We’ll also cover the diagnostic testing 
involved that ensures building enclosures and duct systems are 
correctly installed and sealed. This includes a crash course on 
blower door and duct leakage testing using calibrated fans and 
high-precision manometers. We’ll show you the proper way to set 
up a house and include items to watch out for before starting a 
test.

Learning Objectives
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1. Explain the “house as a system” approach to 
residential construction 

2. Understand the benefits of having a high-
performance home in regards to durability and 
occupant comfort.

3. Understand how a blower door and duct leakage 
test works to measure and expose air leaks.  Air 
infiltration can come from several areas, some of 
which can introduce contaminated air.

4. Demonstrate the relationship between air leakage 
and moisture behavior in buildings.  High moisture 
can lead to deterioration of the structure and 
drastically reduce indoor air quality for the 
occupant.
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Building Science 101
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Former:  
• Building Science Specialist at Advanced Energy
• Researcher at East Carolina University

Sam Myers
sam@retrotec.com
www.retrotec.com

• RESNET Certified HERS rater
• Trainer at Retrotec
• Conducted hundreds of blower door and 

duct tests in the field 
• Holds an MS degree in Sustainability 

concentrating on the built environment 
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General Categories 

• Measurements  

• Diagnostics - blower door & duct tests

• Testing Tips  

• Equipment Care and Field Checks 
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Why Test?

Code QC or Performance 
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Why – because houses leak air. 
Homes do not need to breathe? 
We do!  What are you breathing?

15

House as a System
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House as a System

Air Tightness1

Ventilation & Moisture2 Insulation & Windows3

Mechanical
Equipment

4

Pressure 
Balancing

5

Lighting &
Appliances

6

Combustion 
Safety

7

17

HVAC Contractors – Envelope 
conditions make up a large % of 

load

5 ACH50
7 ACH50

3 ACH50

buildingsciencesllc.com
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HVAC Contractors – Envelope 
conditions make up a large % of 

load

buildingsciencesllc.com

16

17

18



2/10/2020

5

19

Tight
Semi-tight

Average
Semi-loose

Loose

350 CFM50 1 ACH50

800 CFM50 3 ACH50

1150 CFM50 4 ACH50

1700 CFM50 6 ACH50
2250 CFM50 8 ACH50

IECC  2012/2015  3ACH50 or  5ACH50

CZ 3 - 8
CZ 1 - 2

Passive 
House 

0.6

**ACH50 is was calculated on a “base house” and adjusting the infiltration on the blower door
input method to match the simplified calculated load. Individual results may vary.

Manual J Calculations

20

Tight, Tighter, TOO TIGHT?
When is house TOO TIGHT?

When is does a house require 
mechanical ventilation?

2012 IECC, Section R403.5 Mechanical ventilation (M)
2012 IRC, Section R303.4 Mechanical ventilation 
Section N1102.4.1.2, 
Section M1507.3.

< 5 ACH50

21

Tight, Tighter, TOO TIGHT?

BPI suggests homes need ventilation if they CFM50 result 
is lower than the conditioned sq. footage. 

<
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Air Barriers
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Location Where is the Air Barrier?

Air 
Handler Duct System Can 

Lt.J-box.

NEXT >

Thermal 
Boundary 

Air 
Barrier

24

Air 
Handler Duct System

Can 
LightJ-box.

Location Where is the Air Barrier?

Thermal 
Boundary 

Air 
Barrier

HVAC Duct system 
is an Air Barrier
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Top plates from attic side
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Top plates from attic side
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Uncapped Chase
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Capped Chase
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Air sealing at corners

32

33

Main return in ceiling 

31

32
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Recessed lighting 

35

36

How a Blower 
Door Works
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• Air flow across the sensor in center of the fan.

• The manometer measures the fan pressure 

difference of the interior reference to outdoors.

• The fan pressure calculated by the manometer.

• Converted to CFM (cubic feet per min.)     

• CFM is used in the calculations for comparison  

and compliance.

Direction of Air Flow
(when depressurizing)

Inside the Home

How a Blower Door Works

38

BLOWER DOOR BASICS

• Pressure ports around 
the center of the fan.

• These ports connect to 
tubes that connect to the 
tubing port on the top of 
the fan. 

• This connects to the 
gauge. The gauge 
converts the pressure to 
flow.

39

+50 Pa

+50 Pa

0 Pa
Reference

-50 Pa
Input

How a Blower Door Works
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How a Blower Door Works

41

Inside

Depressurizing    vs Pressurizing

43

Residential       &       Commercial 
DucTester

40

41
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300x DucTester

NEW!

• Stable foundation

• High impact plastic 
shell

• Mount gauge to the 
fan

45

Why Test?

Code QC or Performance 

46

• Locations
– Duct connections & seams 

Duct Leaks

44
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• Locations
– Duct connections & seams 
– Register & boot framing connections 

• floors, walls and ceilings

Duct Leaks

48

Supply and Return Boot Sealed to Drywall
Duct Leaks

49

Main return

47

48
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• Locations
– Duct connections & seams 
– Register & boot framing connections 

• floors, walls and ceilings
– Air Handler
– Filter slots

Duct Leaks

51

• Locations
– Duct connections & seams 
– Register & boot framing connections 

• floors, walls and ceilings
– Air Handler
– Filter slots
– Panned duct (ducts created from framing)

• If you can touch it, seal it!

Duct Leaks

52

Best Duct Sealing Product

greenbuildingadvisor.com

Bucket Mastic
• Apply as thick as a 

nickel
• Use all ALL

connections 
including trunk to 
collar, splicing 
collars, all metal 
seams in boots and 
boxes, collar to 
flex, elbows

50
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Connecting Flex Ducts

Panduit Straps

• Duct tape should not 
be used to connect 
ducts

• Use Panduit wrench, 
hand tightening is 
not enough

54

Total Duct 
Leakage

55

Duct Test Fundamentals – Seal Duct System 

Seal supply registers and
any other return grills

Insert Blue Tube in to supply duct 
Nearest the Air Handler 

next >
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Duct Sealing Options 

www.duc-b loc . comwww.ventcapsys tems .com

57

Clear Flange

58

Depressurize 
- 25 Pa

Total Leakage – Depressurization 

Ducts Are 
Sealed

Air Handler

Results = 140 CFM25

140    ÷ 2400  = 5.8 CFM per 100 sq ft
CFM25 ÷ Area

Remove filterOpen a Window

56

57
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Testing at 
Rough-in

60

Rough In Test

61

Rough In Test – battery pack option!

59

60
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Rough In Test – battery pack option!

https://www.leafbike.com/products/lithium-battery/48v-li-battery/

LeafBike makes 
the battery, 
Retrotec makes 
the cable to 
connect with 
the DucTester

63

Rough In Test – crawl space tape!
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Rough In Test – crawl space tape!
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Rough In Test – crawl space tape!
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Rough In Test – crawl space tape!

67

Leakage to 
Outside

65
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-

Leakage to Outdoors
DucTester and blower door running at the same time

69

-

Leakage to Outdoors

70

Locating Leaks

68
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70



2/10/2020

22

71

Pressure Pan Test ‐ BD locates leaky duct run(s)

-50 
Pa

Air Handler

Diagnostic Only. 
No CFM measurement

2.6

I n p u t

72

Pressure Pan Test ‐ BD locates leaky duct run(s)

2.6

73

Pressure Pan Test ‐ BD locates leaky duct run(s)

2.6

• Depressurize house to -50Pa
• Attached pressure pan to blue port on DM-32
• Cover supply/return with pressure pan
• Determine if there is a significant pressure difference

71

72
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Tiny S – Smoke Generator 

75

What can house pressure tell you?

76

Balancing with Room Pressures

74
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Apps & Web-
based Tools
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RED Residential Energy Dynamics 
w w w . r e s i d e n t i a l e n e r g y d y n a m i c s . c o m

79

w w w . r e s i d e n t i a l e n e r g y d y n a m i c s . c o m

Ventilation
• ASHRAE 62.2- 2010,  

2013, 2016
• ASHRAE 62.2 CA
• Electrical Usage
• Depressurization
• Pitot Tube Airflow
• Box Airflow

Free Building Science Calculation Tools for Energy Professionals

Moisture
• Moisture Metrics
• Wood Moisture
• Air Leakage
• Air Leakage Metrics
• ZPD
• Design Infiltration
• Advanced Infiltration

RED Residential Energy Dynamics 
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CI  Construction Instruction
w w w . c o n s t r u c t i o n i n s t r u c t i o n . c o m

Mobile construction app has home 
construction videos, animated building details, 

building science articles, and building 
product & materials installation info, technical 
data, and other ‘Best-Practices’ information.

81

w w w . c o n s t r u c t i o n i n s t r u c t i o n . c o m

CI  Construction Instruction
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Photo Measurement apps

Known size reference  
Calculated reference

80

81
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My Measures PRO $7.99

84

Partometer3D - camera measure

$2.99

85

Many alternatives 

EasyMeasure

STANLEY Smart Measure Pro

83

84
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MagicPlan $Free
Aka” STANLEY Floor Plan

87

MagicPlan $Free
Aka” STANLEY Floor Plan

88

www.bosch-professional.com/static/specials/glm100c/gb/en/
Bosch GLM 100 Laser Tape Measure

Laser Measurements

86

87
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Laser Measurements 

Emails

Bosch GLM 50 C Bluetooth Enabled Laser Distance Measurer with Color Backlit Display

90

Take-offs from plans $Free

91

Tools, Gadgets, Etc.

89

90
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Smoke – Power Tiny S  (smoke generator)
• Triethylene Glycol 

Monopropylene Glycol   
Dipropylene Glycol
Demineralized Water

• Not - Neutral buoyancy smoke
• Controlled powered smoke
• Battery powered 

93

Power Tiny S – Smoke Generator

94

92

93

94



2/10/2020

30

95

96

Infrared Camera

97

Infrared Camera
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Building Moisture
Incidental

99

AAB Smart Tools TS-100 $60
TempSmart Temperature and 
Humidity Data Logger

100

,’,’,’,’ ,l ,,’’,’,’,’,
,’,’,’,’, l ,,’’,’,’,’,

Testing Exhaust Fans
The Energy Conservatory Exhaust Fan Flow Meter

DM32 

Ref
NOT the INPUT

Ref port
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Device - Hole Flow 
Cardboard box.

102

Device - Hole Flow 

T

103

Device - Hole Flow 

• Flow is in units of CFM  
• Hole Area is in units of in2

• PrB is the Channel B pressure, is in units of Pa 

𝐹𝑙𝑜𝑤 = 𝐻𝑜𝑙𝑒 𝐴𝑟𝑒𝑎 ∗√𝑃𝑟𝐵 ∗1.0755 
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Sam Myers
sam@retrotec.com
919-922-3987
www.retrotec.com
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