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Agenda

Almproving Air Tightness Measurements in Windy Conditions
A Results from testing several outdoor tap locations and designs

simultaneously

A Testing very tall buildings

A Outdoor pressure measurements testing a 35-story building

What Happens During a Blower Door Test?

A Ablower door test is typically done at an
induced pressure difference of 50 Pascals.

A The blower door fan is adjusted to change the
pressure difference between inside and outside
the building by 50 Pa and the flow is measured.

A The induced pressure difference (in a single
zone building) will be the same everywhere
(Pascal's principle), so it should not matter
where you measure.

A However, wind fluctuations create noise and we
want to select the measurement location to
minimize this noise
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A Blower Door Test induces a pressure
difference between inside and outside.




Blower Door Test in Windy Conditions

ATEC6s historic advi
measure at ground level on leeward side
for best results ¢

Wind Direction

A Others have recommended to measure

far away from the house

W

A Ensure measurement duration is
extended to 30 seconds or more. 4

Steady measurement of house to outdoor

A Recent work by Prignon, et al has pressure is important to minimize impact of wind

suggested optimal measurement periods
of 60 to 120 seconds in windy weather.

Where and How Should Outdoor Pressure be Measured? EIT-E-C

Testing Outdoor Pressure Locations N Jr S

Tested 8 locations at the same time

A Used TECLOG software collecting
extended data (hours) at 1 sec averages

A To compare performance of each
location, calculated standard deviation of
(20) sets of 30 second data (10 minutes)

A The lower the standard deviation, the
better the technique, as previously
discussed in AIVC papers by Christophe
Delmotte, Martin Prignon and others

AGaryds House: ns5o03




Testing Outdoor Pressure Locations

Tested 8 locations at the same time

East side , ground level with tee
North side , ground level with tee

South side , ground level with tee

West side, ground level with tee
East of house by 5.5m , 2 m above ground with Dwyer sensor
East of house by 5.5m , ground level with tee

Northwest corner of property , 2 m above ground with tee

Northwest corner of property , ground level with tee
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Indoor barometric pressure (Paroscientific barometer)

Testing Outdoor Pressure Locations

Tested 8 locations at the same time

East side , ground level with tee
North side , ground level with tee
South side , ground level with tee

West side, ground level with tee
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

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

East of house by 5.5m , ground level with tee

© 000000006

Testing Outdoor Pressure Locations

Tested 8 locations at the same time

Northwest corner of property , 2 m above ground with tee

Northwest corner of property , ground level with tee
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Method for Collecting and Analyzing Data

ALogged data from each location for several hours
A Raw data collected with 1 second averages

A Selected several 10-minute periods which had high wind

A Split 10-minute periods into twenty 30-second averages to
approximate normal measurement durations needed for a
multi-point test

A Calculated the standard deviation of the twenty averages to
allow comparison of the various locations and designs
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Testing Outdoor Pressure Locations

Data Summary

Channel Avg (Pa) St?Pg;a" NW Wind at 6 m/s
@ |East Side, tee -5.58 0.52
® |North Side, tee -4.7 0.81
© |[South Side, tee -6.79 1.25
@ |westSide, tee -5.44 1.05
@® [5.5m East, Dwyer 2mup | -4.52 0.69
® [5.5mEast, groundw/tee | -5.55 0.87
@ NW Corner, 2m up witee -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

Neighbor
House

(6]
My House

Neighbor
House

Location of Adjacent Buildings can Impact Rules of Thumb
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Recommendations to Minimize Effect of Wind
Wind Speed Outdoor Pressure Tap Location Measurement Duration
<2.2m/s More than 2 m from fan 10+ seconds
2.27 4.5 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 Measurement Duration

An windy conditions, extend measurement

A Place at joint between wall & ground, as low as possible
duration to at least 30 seconds

A Use a Tee, protected from rain
AFor higher winds, leeward side of the building

When turned on, Wind Assistant | "
monitors data during a baseline, | """ "™
automatically adjusts baseline & | e s

POR duration (and other settings

to reduce uncertainty in data

Wind Direction

Suggest Wi To s

oK

14




Next Steps: Looking into Performance of Outdoor Tap Designs
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Indoor Barometric Pressure Variation

e Indoor Barometric Pressure
Std Dev = 2.21 Pa

East Side, ground wi/tee
Std Dev = 0.52 Pa

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

A Best practices for minimizing the effects of wind
A Results from testing several methods simultaneously

ATesting very tall buildings
A Outdoor pressure measurements testing a 35-story building
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How Does Wind Impact Blower Door Measurement

A If the wind is perfectly steady, it would not cause an
issue. Itis the fluctuation of the wind that causes noisy
measurements.

A To 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.

AThe measurement of zero flow pressure (or fib
pressureodo) is impacted by the wind and caus
uncertainty in the calculated air tightness. This
uncertainty is not currently considered in standards.

Question: Where should we measure outdoor pressure? — T-E-C
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time L
NW Wind at 7 m/s

East side, ground level with tee

North side, ground level with tee
South side, ground level with tee
West side, ground level with tee

5.5 m East of house, 2 m above ground,
Dwyer static pressure sensor

5.5 m East of house, ground level with tee
Northwest corner of property, 2 m above ground with tee

Northwest corner of property, ground level with tee

OO OO0

Indoor barometric pressure
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

€ East side, ground level with tee

@ North side, ground level with tee
€ South side, ground level with tee
@ West side, ground level with tee

OO0 OO0
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

O

O

O

@

@ East side 5.5 m away from building
® East side on stand

O
O
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

OCO0ODOO

© Northwest corner of property, up 2M
& Northwest corner of property, ground
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. . . . . Steffi, Thomas, etc.
Building Pressures in Very Tall Buildings

Building pressure difference
caused by wind and stack effect
in a 125m high building
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Conclusion: Measure Outdoor Pressure at Ground Level IT- Ec
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Best Practices to Minimize Effect of Wind

Place outdoor tap in quiet location ) ] ]
, Wind P, Location, POR Duration
A > 2M from the exit of the fan, away from

obstructions. <2.2mls Outside > 2M from fan, average 10+ sec

A Place at the joint between the wall and the
ground as low as possible
A Use a Tee at the end of the hose >4.5m/s Leeward side, > 2M from the fan, average 30+ sec

2.27 45m/s Leeward side, > 2M from the fan, average 10+ sec

A Ensure end of hose is protected from rain

A For higher winds, ensure outdoor tap is on
leeward side of the building

Wind Direction

Extend Baseline & POR readings
A Average 10 seconds or more on calmer days
A Average 30 seconds or more on windier days
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Agenda

A Best practices for minimizing the effects of wind
A Results from testing several techniques simultaneously

A Testing very tall buildings
A Outdoor pressure measurements testing a 35-story building

31

Testing to Confirm Best Approach
Data Summary

Channel Avg Std Dev NW Wind at 7 m/s
@ ri1EastSide -5.58 0.52
@® P6 North Side -4.7 0.81
©® P8 South Side -6.79 1.25
@ P2 westSide -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

Channel
P1 East Side
P6 North Side
P8 South Side
P2 West Side
P7 (5.5M East, Ground)
P4 (5.5M East, Dwyer)
P3 (NW Corner, 2M Up)

0 000O6O®SC

P5 (NW Corner, Ground)

Avg
-5.58
-4.7
-6.79
-5.44
-5.55
-4.52
-2.85
-4.19

Std Dev
0.52
0.81
1.25
1.05
0.87
0.69
1.59
1.03

33

© ©0 00000

Tests to Confirm Best Approach

Channel # Obs
P1 (East) 20
P2 (W) 20
P3 (NW 2M) 20
P4 (Dwyer) 20
P5 (NW grass) 20
P6 (N) 20
P7 (Dwyer, T,
Ground) 20
P8 (S) 20
pbaro_Pa 20
TBase_F 20

Avg
-5.58
-5.44
-2.85
-4.52
-4.19

-4.7

-5.55

-6.79
7.69
71.79

Std Dev
0.52
1.05
1.59
0.69
1.03
0.81

0.87

1.25
2.21
0.01

Wind out of Northwest at ~ 6.7 m/s
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What 6s Next ?

Barometric differences INSIDE the home Pe_rormar:'ce of different shapes

Channel # Obs Avg Std
P1 (East) 20 -5.58 i
P2 (W) 20 -5.44
P3 (NW 2M) 20 -2.85
P4 (Dwyer) 20 -4.52
PS (NW 20 -4.19
grass) '
P6 (N) 20 -4.7
P7 (Dwyer, T,
Ground) 20 -5.55
P8 (S) 20 -6.79
pbaro_Pa 20 7.69
TBase_F 20 71.79
TEC
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Tests to Confirm Best Approach P

ATested 7 different outdoor
locations simultaneously

A East side 23 feet away from buijg
A East side on stand

36



Tests to Confirm Best Approach

ATested 7 different outdoor
locations simultaneously

A Northwest corner of property
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Tests to Confirm Best Approach

A Tested 6 different outdoor locations
simultaneously

A Performance compared calculating
standard deviation of the outdoor
pressure over 30 second readings

A To gather the data, used TEC TECLOG
software collecting extended data at 1 sec
averages
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Significant Research Continues on this Topic
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Uncertaauy:
I INIRODUCTION

To be refiable, @ measured quantity shoukd always be given wilh its uncesininty. Whea
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[2]. These metbods require quantifying uncertaiury in pressuse and air flow 1ate measurements.

One of the mnin sources of merminty is the flucmation of reading in the pressire
measuements due o variation m weaiber conditions [5]. IS0 99722015 requres fhe
mensureiment of inside s outside temperarure, and of winkl speed (in Beaufor scale). but none
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Following the inceese in the tumber of peasusements and laboateries, discrepanicies are
beginming fo appear in some aspesis of e esi, This is e case, for example, for pressure faps
foe which some use drilled bettles o traffic cones. The locarion of the pressure ap ontside also
varies gy, frou very close to the building to very far away, sows even fake the prossice
from inside e car

Alitiugh this may seem insignificant st first glance, the natuse and the place of ihe pressuze
taps play a crucinl role in the mensurement uncertainry. This is mainly due to the effect of wind
o the building snd the dywansic pressice f penecaes

3 PRESSURE DIFFERENCE INDUCED BY THE FAN
In given climatie conditions {wind and temperature) and i the absence of fan, pressure
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Jiii Novik*!

1 Caechs Technical University
Faly of o Egtcamg
166 20 Pt o b
“Correspennding mubor. i ook 4i8fe vt 5

KEYWORDS
aifighiness, bk oo, memsasessen sscertinty, repeatabily. wiod
1 PURPUSE OF THE WORK

Due o the wind induced pressure, diffesent resuls may be obtained if the inside-ouside
pressure difference is measuaed across daffecent locations on the buikling envelope, i . if e
external pressure tap of o differeutial pressure sewser wessuring this pressure difference is
‘placed in different positions. Theefore. the positin of the external pressise 1ap ussy influence.
an airiighines it esull s well, As the wind induoed pressuce is lnked with e wind speod.
i e that the influeroe of test
result would be mmplified with increasing wind speed. The aim of this full-scale expertzent is
10 quantify the variability of the airtightiess test results sbsained under repeatability conditions
it dsfferent external pressise tap posiions i fuction of the wind speed. The motivation is
& bener understanding of the real mfluence of the wind allowing a betier estimation of the
‘mensurement uncertainry as well as possible improvement of the measurement technique

2 METHOD
“The airtighmess of a single-fansily house was tested 9 times according 1o EN 150 9972 During
each fes, the.  the ai flow rate hrogh device fan were recorded
with 4 different i 1k
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Significant Research Continues on Methods to Minimize Impact of Wind
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Tests to Confirm Best Approach

ATested 7 different outdoor
locations simultaneously

A Performance compared
calculating standard deviation
of the outdoor pressure over
the 30 second readings

A To gather the data, used TEC
TECLOG software collecting
extended data at 1 sec

averages

Wind out of Northwest
at~6.7m/s
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Tests to Confirm Best Approach

A Tested 6 different outdoor locations
simultaneously

A Performance compared calculating
standard deviation of the outdoor
pressure over the 30 second readings

A To gather the data, used TEC TECLOG
software collecting extended data at 1 sec

averages
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Tests to Confirm Best Approach

A Tested 6 different outdoor locations
simultaneously

A Performance compared calculating
standard deviation of the outdoor
pressure over the 30 second readings

A To gather the data, used TEC TECLOG
software collecting extended data at 1 sec

averages
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