
T E C  - THE ENERGY CONSERVATORY

Improving Air Tightness Measurements

in Windy Conditions

With Gary Nelson

Introduction

Gary Nelson

ÅFounder of TEC ïThe Energy Conservatory

ÅPhysicist and Engineer

ÅInventor of the Minneapolis Blower DoorÊ, Minneapolis DuctBlaster®

and TrueFlow® Grid

ÅRecognized member of global building science community
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Agenda

ÅImproving Air Tightness Measurements in Windy Conditions

Å Results from testing several outdoor tap locations and designs 

simultaneously

ÅTesting very tall buildings

Å Outdoor pressure measurements testing a 35-story building

What Happens During a Blower Door Test?

ÅA blower door test is typically done at an 

induced pressure difference of 50 Pascals.

ÅThe blower door fan is adjusted to change the 

pressure difference between inside and outside 

the building by 50 Pa and the flow is measured.

ÅThe induced pressure difference (in a single 

zone building) will be the same everywhere  

(Pascal's principle), so it should not matter 

where you measure.

ÅHowever, wind fluctuations create noise and we 

want to select the measurement location to 

minimize this noise

A Blower Door Test induces a pressure 

difference between inside and outside.

- 50 Pa wrt to outside
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ÅTECôs historic advice has been to 

measure at ground level on leeward side 

for best results

ÅOthers have recommended to measure 

far away from the house

ÅEnsure measurement duration is 

extended to 30 seconds or more.

ÅRecent work by Prignon, et al has 

suggested optimal measurement periods 

of 60 to 120 seconds in windy weather.

Blower Door Test in Windy Conditions

Steady measurement of house to outdoor 

pressure is important to minimize impact of wind

Wind Direction

Where and How Should Outdoor Pressure be Measured? 

Tested 8 locations at the same time

ÅUsed TECLOG software collecting 

extended data (hours) at 1 sec averages

ÅTo compare performance of each 

location, calculated standard deviation of 

(20) sets of 30 second data (10 minutes)

ÅThe lower the standard deviation, the 

better the technique, as previously 

discussed in AIVC papers by Christophe 

Delmotte, Martin Prignon and others

ÅGaryôs House:  n50 = 1, Volume = 850 m3
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Testing Outdoor Pressure Locations
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

Å East side , ground level with tee

Å North side , ground level with tee

Å South side , ground level with tee

Å West side, ground level with tee

Å East of house by 5.5m , 2 m above ground with Dwyer sensor

Å East of house by 5.5m , ground level with tee

Å Northwest corner of property , 2 m above ground with tee

Å Northwest corner of property , ground level with tee

Å Indoor barometric pressure (Paroscientific barometer)
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Method for Collecting and Analyzing Data

ÅLogged data from each location for several hours

Å Raw data collected with 1 second averages

ÅSelected several 10-minute periods which had high wind

Å Split 10-minute periods into twenty 30-second averages to 

approximate normal measurement durations needed for a

multi-point test

ÅCalculated the standard deviation of the twenty averages to 

allow comparison of the various locations and designs

Testing Outdoor Pressure Locations

Data Summary
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Channel Avg (Pa)
Std Dev 

(Pa)

East Side, tee -5.58 0.52

North Side, tee -4.7 0.81

South Side, tee -6.79 1.25

West Side, tee -5.44 1.05

5.5 m East, Dwyer 2m up -4.52 0.69

5.5 m East, ground w/tee -5.55 0.87

NW Corner, 2m up w/tee -2.85 1.59

NW Corner, ground w/tee -4.19 1.03

Generally, Leeward side appears best.

Example of one data set on one building.
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The Goal is to Find A Quiet Location

Location of Adjacent Buildings can Impact Rules of Thumb

Recommendations to Minimize Effect of Wind

Wind Speed Outdoor Pressure Tap Location Measurement Duration

< 2.2 m/s More than 2 m from fan 10+ seconds

2.2 ï4.5 m/s Leeward side, more than 2 m from fan 10+ seconds

> 4.5 m/s Leeward side, more than 2 m from fan 30+ seconds

Place Outdoor Tap in Quiet Location

ÅPlace at joint between wall & ground, as low as possible

ÅUse a Tee, protected from rain

ÅFor higher winds, leeward side of the building

Measurement Duration

ÅIn windy conditions, extend measurement 

duration to at least 30 seconds

When turned on, Wind Assistant 
monitors data during a baseline,  
automatically adjusts baseline & 
POR duration (and other settings) 

to reduce uncertainty in data
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Next Steps:  Looking into Performance of Outdoor Tap Designs

Indoor Barometric Pressure Variation

BB Indoor Barometric Pressure
Std Dev =  2.21 Pa
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East Side, ground w/tee
Std Dev =  0.52 Pa

NW Corner, 2 m up, w/tee
Std Dev =  1.59 Pa
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Agenda

ÅBest practices for minimizing the effects of wind

Å Results from testing several methods simultaneously

ÅTesting very tall buildings

Å Outdoor pressure measurements testing a 35-story building

Luftdurchlässigkeitsmessungin einem
125 m hohenGebäude

Projektleitung 
o Emanuel Mairinger, 

Dr. Ronald Mischek, ZT 
GmbH, Wien

Partner
o Johannes Neubig,

Thomas Gayer,  
MA39, Stadt Wien 

Unterstützung 
o Gary Nelson, Collin Olson, 

The Energy Conservatory
o Stefanie Rolfsmeier, 

BlowerDoor GmbH© E. Mairinger

Airtightness Test in a 125 m high Building
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Ground Floor
0 m aboveground

12. Floor
41 m aboveground

22. Floor
73 m aboveground

34. Floor
112 m aboveground

Nat. Gebäudedruckdifferenzen / nat. building Pressure

+70 Pa+70 Pa

-10 Pa-10 Pa

T E C  - THE ENERGY CONSERVATORY

Improving Air Tightness Measurements

in Windy Conditions

With Gary Nelson
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T E C  - THE ENERGY CONSERVATORY

Minimizing the Effect of Wind 

on Air Tightness Tests
With Gary Nelson

How Does Wind Impact Blower Door Measurement

Å If the wind is perfectly steady, it would not cause an 

issue.  It is the fluctuation of the wind that causes noisy 

measurements.

ÅTo minimize the impact of fluctuating wind we take 

measures to reduce the amplitude of the noise as well as 

extending the time period for the measurement.

ÅThe measurement of zero flow pressure (or ñbaseline 

pressureò) is impacted by the  wind and causes an 

uncertainty in the calculated air tightness.  This 

uncertainty is not currently considered in standards.

Question:  Where should we measure outdoor pressure? 
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Luftdurchlässigkeitsmessungin einem
125 m hohenGebäude

Projektleitung 
o Emanuel Mairinger, 

Dr. Ronald Mischek, ZT GmbH, Wien

Partner
o Johannes Neubig,

Thomas Gayer,  
MA39, Stadt Wien 

Unterstützung 
o Gary Nelson, Collin Olson, 

The Energy Conservatory
o Stefanie Rolfsmeier, 

BlowerDoor GmbH© E. Mairinger

Airtightness Test in a 125 m high Building

Testing Outdoor Pressure Locations

Tested 8 locations at the same time

Å East side, ground level with tee

Å North side, ground level with tee

Å South side, ground level with tee

Å West side, ground level with tee

Å 5.5 m East of house, 2 m above ground,

Dwyer static pressure sensor

Å 5.5 m East of house, ground level with tee

Å Northwest corner of property, 2 m above ground with tee

Å Northwest corner of property, ground level with tee

Å Indoor barometric pressure
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time
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Å Northwest corner of property, ground
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Building Pressures in Very Tall Buildings

Conclusion:  Measure Outdoor Pressure at Ground Level

Test in Vienna run in 2021 by:

Steffi, Thomas, etc.

Best Practices to Minimize Effect of Wind

Place outdoor tap in quiet location

Å > 2M from the exit of the fan, away from  

obstructions. 

Å Place at the joint between the wall and the 

ground as low as possible

Å Use a Tee at the end of the hose

Å Ensure end of hose is protected from rain

Å For higher winds, ensure outdoor tap is on 

leeward side of the building

Extend Baseline & POR readings

Å Average 10 seconds or more on calmer days

Å Average 30 seconds or more on windier days

Wind Pout Location, POR Duration

< 2.2 m/s Outside > 2M from fan, average 10+ sec

2.2 ï4.5 m/s Leeward side, > 2M from the fan, average 10+ sec 

> 4.5 m/s Leeward side, > 2M from the fan, average 30+ sec 
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Agenda

ÅBest practices for minimizing the effects of wind

Å Results from testing several techniques simultaneously

ÅTesting very tall buildings

Å Outdoor pressure measurements testing a 35-story building

Testing to Confirm Best Approach
Data Summary
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Channel Avg Std Dev

P1 East Side -5.58 0.52

P6  North Side -4.7 0.81

P8  South Side -6.79 1.25

P2  West Side        -5.44 1.05

P7  (5.5M East, Ground) -5.55 0.87

P4  (5.5M East, Dwyer)        -4.52 0.69

P3  (NW Corner, 2M Up)    -2.85 1.59

P5  (NW Corner, Ground)  -4.19 1.03
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Testing to Confirm Best Approach
Data Summary
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Tests to Confirm Best Approach
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Channel # Obs Avg Std Dev

P1  (East)        20 -5.58 0.52

P2  (W)        20 -5.44 1.05

P3  (NW 2M)    20 -2.85 1.59

P4  (Dwyer)        20 -4.52 0.69

P5  (NW grass)  20 -4.19 1.03

P6  (N)        20 -4.7 0.81

P7  (Dwyer, T, 

Ground)        
20 -5.55 0.87

P8  (S)        20 -6.79 1.25

pbaro_Pa 20 7.69 2.21

TBase_F     20 71.79 0.01
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Whatôs Next?

Channel # Obs Avg Std Dev

P1  (East)        20 -5.58 0.52

P2  (W)        20 -5.44 1.05

P3  (NW 2M)    20 -2.85 1.59

P4  (Dwyer)        20 -4.52 0.69

P5  (NW 

grass)  
20 -4.19 1.03

P6  (N)        20 -4.7 0.81

P7  (Dwyer, T, 

Ground)        
20 -5.55 0.87

P8  (S)        20 -6.79 1.25

pbaro_Pa    20 7.69 2.21

TBase_F     20 71.79 0.01

Performance of different shapesBarometric differences INSIDE the home

Tests to Confirm Best Approach

ÅTested 7 different outdoor 

locations simultaneously

ÅEast side 23 feet away from building

ÅEast side on stand
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Tests to Confirm Best Approach

ÅTested 7 different outdoor 

locations simultaneously

ÅNorthwest corner of property

77

88

Tests to Confirm Best Approach

ÅTested 6 different outdoor locations 

simultaneously

ÅPerformance compared calculating 

standard deviation of the outdoor 

pressure over 30 second readings

ÅTo gather the data, used TEC TECLOG 

software collecting extended data at 1 sec 

averages
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Significant Research Continues on this Topic

Significant Research Continues on Methods to Minimize Impact of Wind

Tests to Confirm Best Approach

ÅTested 7 different outdoor 

locations simultaneously

ÅPerformance compared 

calculating standard deviation 

of the outdoor pressure over 

the 30 second readings

ÅTo gather the data, used TEC 

TECLOG software collecting 

extended data at 1 sec 

averages
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at ~ 6.7 m/s

40

41



Tests to Confirm Best Approach

ÅTested 6 different outdoor locations 
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pressure over the 30 second readings
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Tests to Confirm Best Approach

ÅTested x approaches 

simultaneously to see which 

performed best in exactly the 

same conditions

ÅTest informed by previous AIVC 

papers

Å Good data will be informed by 

monitoring the standard deviation 

of the outdoor pressure reading
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