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VIP 41: Impact of wind on
building airtightness test

VALERIE LEPRINCE — INIVE
NOVEMBER 8TH—- AIVC & TIGHTVENT WEBINAR

AIVC project: Working Group Impact of
Wind on airtightness test

Objective:
o Better understand the uncertainty due to wind on the airtightness test
° Provide a literature review on the subject

o Improve the airtightness test method (inc. calculation) for a better reliability
and feasibility.

Output (March 2021):

A “Ventilation Information Paper” published by AIVC :
https://www.aivc.org/resources
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Why do we care about wind?

Building airtightness tests have become very common in several
countries
o Tests required with a target value
> Necessary to have reliable tests
— Not too many limitations on allowable test conditions

Sources of uncertainty :
> Measurement device (accuracy precision) = Calibration
> Calculation assumptions (regression analysis, model)
> Tester behavior = Training, competent tester schemes
> External conditions (wind, stack effect)
—> Not properly addressed in ISO 9972

Allowable test conditions: _
> The zero-flow pressure shall not exceed 5 Pa for the test to be valid. [

. > In some very windy regions it is difficult to perform a test in accordance

with the standard. m Minimum airtiéhfness reqdireme"r{t"
included in the regulation (in 2016)

B No minimum requirement included
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Content

Impact of wind on building airtightness tests

: Part 1: The physic
“(ap

Part 2: Literature review

Part 3: How to limit the impact?

E(g) = Gest — Anowind _ Cest- Ap;lef - Ct'Ap;lef
Gnowind Ce. Ap?ef
n
_ Cup(Api — Pup) + Caown(AP; — Paown)™ — Ce( Ap; — Ap)™
C.(Ap; — Apo)"

Impact of wind on
building airtightness test

PART 1: REASONS BEHIND — THE PHYSIC
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Part 1: The physics behind the impact of
wind on the result

At least 4 issues:
° Error due to wind variation (between before/after and during the test)
° Impact on the external pressure sensor
o Uncertainty due to wind fluctuations (wind never steady over the whole test)
> Model error

The wind has an tmpact on the result of the
airtightness test oespite the zero-flow pressure
subtraction

November 8th, 2021 VALERIE LEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 7

Wind variation

15

INTERNATIONAL ISO
STANDARD 9972 -

5.3.3 Zero-flow pressure difference

Short-circuit the pressure-measuring device and check or adjust the zero reading at the starting of the
testing.

Temporarily cover the opening of the air moving equipment and connect the pressure measuring device
to measure inside-outside pressure difference. Record the values of the zero-flow pressure difference
over a period of at least 30 s (minimum 10 values) and calculate

— the average of the positive values of zero-flow pressure difference, App1+,

Zero-flow pressure [Pa]

— the average of the negative values of zero-flow pressure difference, Apo;., and

— the average of all values of zero-flow pressure difference, Appi.

he wind impact is not necessarily the
If the absolute value of App1+, Apo1., Apoz+, or Appz. is higher than 5 Pa, the test shall be declared not ’ ame bEfO FE/afte ra nd d u ri ng he test

valid. If a test report is produced for such a test, this failure to meet required test conditions shall be
stated in the test report.

-20
NOTE The reference pressure value (zero) is outside. M. Prignon, A. Dawans and S. Altomonte et al. {Energy & Buildings 188-189 (2019) 12-24
1 t .
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Repeat this process at the end of the test (to obtain Apga., Apoz-, and Apgz).
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ONAL ISO
Pressure measurement T ANOARD 997

Ensure that interior and exterior pressure drops are not influenced by the air moving equipment. The
exterior pressure tap should be protected from the effects of dynamic pressure, e.g. by fitting a T-pipe or
connecting it to a perforated box. Especially in windy conditions, itis good practice to place the exterior
pressure tap some distance away from the building, but not close to other obstacles.

Theoretically In practice |
Wind Wind The external pressure
[r— g gauge is behind or in
— f— front of an obstacle (the
ey The extrernal ey building or else)

N pressure is ~

“absolute”
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INTERNATIONAL ISO
Pressure measurement STANDARD 9972

Ensure that interior and exterior pressure drops are not influenced by the air moving equipment. The
exterior pressure tap should be protected from the effects of dynamic pressure, e.g. by fitting a T-pipe or
connecting it to a perforated box. Especially in windy conditions, itis good practice to place the exterior
pressure tap some distance away from the building, but not close to other obstacles.

Theoretically the calculation assumes: In practice we measure:

1
APy = Pi — Pext Apo = Pi — Pext + Epcpgaugeu2

To limit this impact ASTM E 779 method suggests a pressure tap on

each face of the building that is then averaged using a manifold. 2 n d iS S u e

=> |t is not the equilibrium pressure but the averaged pressure
difference of the building envelope that is measured in this standard
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Zero-flow pressure [Pa]

o

n

Wind fluctuations

Period 1 Fictitious Period

Approxit
Apoy > 10Pa oo 2

i
ggron /1 Il Wi LY L]
Neall W A9V J
1M . Iy ATACAY w” \ Time
N W \ . o | R
\
| r’ﬁ. l] | v
\l
[ 1 )
M. Prignon, A. Dawans and S. Altomonte et al. /Energy & Buildings 188-189 (2019) 12-24
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Indoor pressure varies
of more than 20 Pa
within a few minutes
- large induced
uncertainty

3rd issue

11

11
And even in a perfect world, it does not
work well (Model error)...
No wind Wind
] Windward Leeward
g — Wind fagade fagade
= D
£ 3 -
-: g Pi=Pext Pi#Pext
3 = Ap=0 . Gup Apy# 0 Qaown
g % " ¥ Cup(dpo — pupT’ Caown(4Po — Paown)™
®
= Pext Pext
1 1
Coy Pup +C
Equilibrium pressure: 4Py = Di — Pext = 2 pupl downfdown
Cup" + Caoum
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... as the problem is not linear (n#1)

Windward side

Induced pressure difference

(pressurization test)

Standard calculation

Wind

Leeward side

Impact under-estimated in

pressurisation, over- Wfindward
[ estimated in depressurisation

4

]
aBp = Gup t Qdown
Aqsp = (Cup+Cdawn)p?

- n
method: CostAP;

Qdown

Caown AP}

m
Cup(APi - Pup)

Leeward

e

Impact over-estimated
in pressurisation,
under-estimated in

4

|
98p = Qup + Qdown

= Cost (Ap; — Apo)™

Pdown

Tdown
Caown(4Di — Paown)™

N

n
dsp = Cup (pi o pup) + Cduwn (pi o pden)n
Standard calculation
method:

depressurisation
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E(q) = est ~ dnowind _ Cost-Apyes — Co-APYes .
Qnowind Ce. Apres
M O d e | e r ro r _ Cup(4pi—pwp)" + Cd(,a‘w;zdpi—_ pduv:ln)n — Ce(4p; — Apo)™ 4t h I S S u e
+(Ap; — Apo)
External Internal pressure |Ap;| L, Vo e
(mU/s) pr?;:;lre C./C (‘,,';‘)’ 10 Pa 25 Pa 50 Pa 100 Pa y.,—:| =
p+ p- av. [ p+ p- av | p+ p-  av | p+ p-  awv M —e e
025 | -2 2% 2% 0% |-1% 1% 0% | 0% 0% 0% | 0% 0% 0% |
3 pup:f'3257 05 | 06| 0% 1% -1%|o% o% o% | 0% 0% 0% | 0% 0% o% | P o
Paoun="5 075 | 0,6 1% 2% 2% | 1% -1% 0% | 0% 0% 0% | 0% 0% s (8= it
025 | -4 1% -14% 7% | 1% 3% 1% | 1% -1% 0% | 0% 0%
5 p“”=?’75 05 | -08| 4% -14% 5% | 2% 4% 1% | 1% 2% 0% | 1% -1% 0%
Paow™5 1025 | 06 | 5% 1% 3% |-1% 0% 1% | -1% 0% 0% | 0% 0% 0% In some cases, some
025 | 72 | 18% -267% -125%|18% -91% -37% | 11% -21% 5% | 6% -9% -2% leakage flow in the
10 Pw=15 05 | -09 | -14% % B -20%| 6% -12% -3% | 4% 5% -1% opposite direction
Paown=30 075 | 0,6 7% -16% -8% -12% | -6% 2% 2% | -2% 2% 0%
If the whole building is pressurized (respect. depressurized) averaging
the results of a pressurized and a depressurized test decreases the error.
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To sum up: 4 main wind issues

I r'l(dﬁ_plll)l‘l'chlwh'i’h}"f[“ﬁ-ﬂpl]'
/J ' by

— : o il Pressure measurement |l . : - = -
Wind variation location Wind fluctuations Model error

Impact of wind on
building airtightness
tests

PART 2: QUANTIFICATION, LITERATURE REVIEW
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Literature review presented in the VIP

Simulations:

¢ Impact of

¢ Impact of

Error due to steady wind:

Very sensitive to leakage distribution

-50 Pa: < 12% up to 10 m/s;

< other uncertainties up to 6 m/s

- 10 Pa: < 60% up to 10m/s

- 4 Pa: main uncertainty at 4m/s
Carrié&Leprince, 2017

Quasi-steady compressible and CFD Study:
isothermal models: The ACH increases from about 100%
- Much larger uncertainties than during a windy day (mean velocity of 5
average wind alone. m/s): Gusts create a pressure
- Significant impact of wind frequency difference around 50 Pa
Carrié&Mélois, 2020 Kraniotis et al., 2014

What is needed?
¢ include the stack effect * A better characterisation of unsteady winds
¢ simulate multi-zone buildings ¢ Abetter knowledge of leakages behaviour

November 8th, 2021 VALERIE LEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 17
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Literature review presented in the VIP

Laboratory measurements

Outdoor measurement with steady artificial wind at 4 Pa:

- high wind speeds (4 m/s — 9.5 m/s) in one direction induce 16% to 24%
lower results of air permeability

- wind becomes mostly insignificant under 3.5 m/s

Zheng et al., 2018

For an indicator at 4 Pa:

* Leakage mostly leeward side: ISO 9972 method
more reliable than a 1-point method and a 2-point
method, for all wind speeds

* Leakage mostly on the windward side: a 1-point
analysis (pressure station at 50 Pa or 100 Pa) gives
lower error when the wind is above 4 m/s.

Meélois, 2020

What is needed?
* define how the wind shall be modelled
* model the environment

November 8th, 2021 VALERIELEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 18



09/11/2021

Literature review presented in the VIP

High-rise building (60m), tests in

6000 tests in 6 houses; recommendations : windy AND not windy condition
- Below 3 m/s, multi pressure point testing ; about - By averaging the results :
10% better for a 4 Pa reference than single-point possible to obtain
- Above 6 m/s, single point testing at 50 Pa reproducible results
- Averaging pressurization and depressurization - Averaging measured values
tests reduces the uncertainty by about 12%. on 3 sides: reduces wind
Walker et al., 2013 impact

Rolfsmeier and Simons., 2019

Test module in open terrain:
- Change in wind speed higher impact on uncertainty than change in wind direction
- The test becomes even more reliable when wind direction (and therefore pressure
== distribution) changes a lot during the test.
- When the wind blows against the fan, the main source of error is due to this direct flow
of wind on the fan (overlaps other source of error due to wind).
Kraniotis et al, 2020

On-site measurements What is needed?

*  More studies to draw general conclusions
* Control some parameters (leakage repartition etc.) for parametric studies

November 8th, 2021 MPACT OF WIND ON AIRTIGHTNESS TEST 19

Minimizing the wind
impact on airtightness
tests results

10
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Main recommendations for minimising
wind impact

Improve zero-flow pressure measurement

« Increase the duration and frequency of the measurements: 30 to 60 s and 1 data /s (> 10 points/data)
¢ Monitor the wind during the entire test to detect variations

Choose carefully the location of pressure taps

e Let gauges at the same location during the whole test
¢ Use T-pieces and put the pipe some distance away

Use a weighed method for the regression

Adapt the pressure difference sequence

 Average the results of pressurization and depressurization tests
« Single-point test to estimate a flowrate at 50 Pa or at 4 Pa with wind > 5 m/s (multipressure-point when < 5 m/s)

e Carry out similar pressure measurements during the airtightness test than during the zero-flow pressure
measurement (duration and frequency); use an average of the same number of values over the same time interval.

November 8th, 2021 VALERIE LEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 21

21

11



THE ENERGY CONSERVATORY

Improving Air Tightness Measurements
in Windy Conditions

With Gary Nelson

T EC - THE ENERGY CONSERVATORY

Introduction

THE ENERGY CONSERVATORY

Gary Nelson
» Founder of TEC — The Energy Conservatory
» Physicist and Engineer

- Inventor of the Minneapolis Blower Door™, Minneapolis DuctBlaster®
and TrueFlow® Grid

» Recognized member of global building science community




Agenda

* Improving Air Tightness Measurements in Windy Conditions

» Results from testing several outdoor tap locations and designs
simultaneously

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

What Happens During a Blower Door Test?

* Ablower door test is typically done at an
induced pressure difference of 50 Pascals.
* The blower door fan is adjusted to change the 1 l' I' l
pressure difference between inside and outside
the building by 50 Pa and the flow is measured.

- 50 Pa wrt to outside

Vi

A Blower Door Test induces a pressure
difference between inside and outside.

W

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

« However, wind fluctuations create noise and we
want to select the measurement location to
minimize this noise




Blower Door Test in Windy Conditions

« TEC's historic advice has been to
measure at ground level on leeward side
for best results ¢

Wind Direction

» Others have recommended to measure

far away from the house

W

* Ensure measurement duration is
extended to 30 seconds or more. R

Steady measurement of house to outdoor

* 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? gl TEC

Testing Outdoor Pressure Locations N Jr ?

Tested 8 locations at the same time

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

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

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

« Gary’s House: n50 = 1, Volume = 850 m3




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

00060060006

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
(3 South side, ground level with tee
o West side, ground level with tee

©@ 00 O




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

© 000 0006

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

©@ 0O © 000 O

10




Method for Collecting and Analyzing Data

» Logged data from each location for several hours
* Raw data collected with 1 second averages

» Selected several 10-minute periods which had high wind

+ Split 10-minute periods into twenty 30-second averages to
approximate normal measurement durations needed for a

multi-point test

+ Calculated the standard deviation of the twenty averages to
allow comparison of the various locations and designs

11

Testing Outdoor Pressure Locations

Data Summary

0900 BODOO

Channel Avg (Pa) St(dpg)e v
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.

NW Wind at 6 m/s
\}4 W—l‘E

12




The Goal is to Find A Quiet Location

Neighbor
House

(6]
My House

Neighbor
House

Location of Adjacent Buildings can Impact Rules of Thumb

13
Recommendations to Minimize Effect of Wind
Wind Speed | Outdoor Pressure Tap Location Measurement Duration
<2.2mls More than 2 m from fan 10+ seconds
2.2-45m/s Leeward side, more than 2 m from fan 10+ seconds
>4.5mls Leeward side, more than 2 m from fan 30+ seconds
Place Outdoor Tap in Quiet Location Measurement Duration

« In windy conditions, extend measurement

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

» Use a Tee, protected from rain
« For higher winds, leeward side of the building

A

AutoTest - Wind Assistant™
When turned on, Wind Assistant

Feriod Suggest Wi To Use

Wind Direction monitors data during a baseline, :mmwmm
automatically adjusts baseline & PR—-—
POR duration (and other settings) -

to reduce uncertainty in data

,

14




Next Steps: Looking into Performance of Outdoor Tap Designs

7 » n i Dl

3 = i
S = —*( % : 1A R

15

Indoor Barometric Pressure Variation

e Indoor Barometric Pressure
Std Dev = 2.21 Pa

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

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

16




Agenda

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

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

17

Luftdurchlassigkeitsmessung in einem
125 m hohen Gebdude




Nat. Gebaudedruckdifferenzen / nat. building Pressure

- L 70
€= 34.Floor :\W’ﬁ)’\"_‘%ﬁvd @

112 m above ground 1%

- 50

F 40
22. Floor =
73 m above ground L3 &
-9
<
- 20
\ 10
- 12. Floor ——— e — T
41 m above ground 0
.....
Ground Floor et A e e 10
0 m above ground

- -20
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THE ENERGY CONSERVATORY

Improving Air Tightness Measurements
in Windy Conditions

With Gary Nelson

TEC - THE ENERGY CONSERVATORY




THE ENERGY CONSERVATORY

Minimizing the Effect of Wind

on Air Tightness Tests
With Gary Nelson

T EC - THE ENERGY CONSERVATORY

How Does Wind Impact Blower Door Measurement

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

+ 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.

* The measurement of zero flow pressure (or “baseline
pressure”) 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? "k

22



el Mairinger,
#ald Mischek, ZT GmbH, Wien

es Neubig,
s Gayer,
Stadt Wien

jeelson, Collin Olson,
8 -rgy Conservatory

e Rolfsmeier,

i 2Door GmbH
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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

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

@000 66060600O

Indoor barometric pressure

24



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
O West side, ground level with tee

OO0 OO0

25

Testing Outdoor Pressure Locations

Tested 8 locations at the same time

O

O

O

O

O East side 5.5 m away from building
©® East side on stand

O
O

26




Testing Outdoor Pressure Locations

Tested 8 locations at the same time

OO0 O0O00O0

@ Northwest corner of property, up 2M
O Northwest corner of property, ground

27
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Test in Vienna run in 2021 by:
Steffi, Thomas, etc.

Building Pressures in Very Tall Buildings

Building pressure difference
caused by wind and stack effect
in a 125m high building

. (four building sides)
ettt 60  (dotted Is windward - West-side)

a@"’ﬁ“\/—'aawd 34, Floor

22. Floor

8
Ap (Pa)

12. Floor
_ I
———— e —— {two building sides)

e P e Mt 3e. 10| Ground Floor
[three building sides)

- -20

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
.p 9 m P, Location, POR Duration
+ > 2M from the exit of the fan, away from

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

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

2.2-4.5m/s Leeward side, > 2M from the fan, average 10+ sec

* Ensure end of hose is protected from rain

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

Wind Direction

lll

Extend Baseline & POR readings

» Average 10 seconds or more on calmer days

» Average 30 seconds or more on windier days . )ﬁ

AutoTest - Wind Assistant™

30



Agenda

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

 Testing very tall buildings
» 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
w E
P1 East Side -5.58 0.52 \

(1

® P6 North Side 47 0.81
© P8 South Side -6.79 1.25
O P2 WestSide -5.44 1.05
© P7 (5.5MEast, 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

32



Testing to Confirm Best Approach
Data Summary

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
O P2 WestSide -5.44 1.05
© P7 (5.5MEast, 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

33
Tests to Confirm Best Approach
Wind out of Northwest at ~ 6.7 m/s
0 Channel # Obs Avg Std Dev

P1 (East) 20 -5.58 0.52
(64 P2 (W) 20 -5.44 1.05 +
(7] P3 (NW 2M) 20 -2.85 1.59 cae. o
© P4 (Dwyer) 20 -4.52 0.69 TIT
® P5 (NWgrass) 20 -4.19 1.03 L mamy
o P6 (N) 20 -4.7 0.81 : -
P7 (Dwyer, T, dmy
P Ground) 20 -5.55 0.87 —
P8 (S) 20 -6.79 1.25 THT
(5] pbaro_Pa 20 7.69 2.21 &
TBase F 20 71.79 0.01 Ty

34




What’s Next?

Barometric differences INSIDE the home

Channel # Obs Avg

P1 (East) 20 -5.58

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

35

Tests to Confirm Best Approach

 Tested 7 different outdoor
locations simultaneously

+ East side 23 feet away from bui s
+ East side on stand

36



Tests to Confirm Best Approach

» Tested 7 different outdoor
locations simultaneously

» Northwest corner of property

37

Tests to Confirm Best Approach

» Tested 6 different outdoor locations
simultaneously

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

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

39



Significant Research Continues on this Topic

Quantification of uncertainty in zero-flow pressure igh of build -C derations regarding place
approximation and nature of pressure taps
Martin Prignon”!, Amaud Dawans®, and Geoffrey van Moescke! Christophe Delmotte
1 UCtoman 2y g bk Beion Buting R
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Uncertaauy:
I INIRODUCTION

To be refiable, @ measured quantity shoukd always be given wilh its uncesininty. Whea
performiing a fan pressirization test, the certainry is often iven a5 a fusction of the scanering
of the data arous the linear model obtained with an Oudiary Least Square (OLS) meihod
However, wnultiple authors stated that the uncentaiary estimated with OLS was not reliable in
e case of aitielibess wewisenieats besatse e method eglects uaceiay i presae

1-3]. Therefore. L hould be used such as the terative
Weighted Least Square (IWLS) [3. 4] ot the W:uﬂlud Line of Organic Comelation (WLOC)
[2]. These metbods require quantifying uncertaiury in pressuse and air flow 1ate measurements.

Onc of the muin sources of mucerminty is the fMucmation of rending i the pressure
measurements 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
of them are used m the calculation o deal with fluctations \\nlhﬂ' conditions (6] Tn

e, pressure induced by weather conditions is hudled i 150 997 o
the zex0-low pressure (i, the pressure when there is w0 pressise induced by the fan).
However, zero-flow pressure nn be mensured only hen the fin 1 o wa Therefore, it
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This paper esplains why i is mecessary 1o we s pressure tars s place them oy from the building md
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KEYWORDS

Ainghines of buildings. peeseare g pressre difference. wind, zeta-flow pressire

1 INTRODUCTION

I Extopean comniries, inc
the first publication of the directive on ihe energy perforance of buildings
canries there are even, requiremsents of finnneial incenives linked with the sirightness level
I 55 therefore wore ol mote supotant To oy oftentice 1o the qUAHY of sittighiness
mensuremets

Following the icrease in the tawiber of pieastrenents and laboratories, discrepancies are
eginning o appear in some aspests of the fest This is the case. for example, for pressure taps
ot which some use drilled botles on traffic cones. The location of the pnessure tap cutside alse
varies greatly, from very close 10 the buikding to very far away: soue even take the pressue
From inside theer car

Alitiugh this may seem insignificant st first glance, the natuse and the place of ihe pressuze
aps play a crucinl role in the mensnrement wncertainry. This is mainly due to the effect of wind
o the building sud the dykanic pressuce it generites

g importance has b

# given Io airtightness of b

3 PRESSURE DIFFERENCE INDUCED BY THE FAN
In given climatie conditions {wind and temperature) and i the absence of fan, pressure
differences Aps, are natually geverated acros the exvelope of a building. The equiliboum
el st st h i ot e e i st o st s

s flows " thesefore equal to ™

Influence of the external pressure tap position on the
airtightness test result

Jiii Novik*!

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

KEYWORDS
aictighttess, bovwes doos, memsressent mscerbiaty, repeatabiliey. wind
1 PURPUSE OF THE WORK

Due o the wind induced pressure, diffesent resuls may be obtained if the inside-ouside
pressure difference is measured across different locations on the building envelope i e, if the
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 et resull s well, As the wind induced pressure i linked wil ihe wind speed
i e that the influeroe of test
result would be mmplified with increasing wind speed. The aim of this full-scale expertzent is
1o quanify the variability of the aitiphiness test resuls obiained wnder repeatabiliny 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 uncertinty 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 fest, the- i the air flow rate through device fan were recorded
with 4 different insid
H ‘ LEGEND
5 anemomater
' blower door

car shelter
bukding envelepe
hedge

eemos

manomster, § Ap sansars
extsenal pressure tags

= prevailng wind diection
2

Fie 1 The experincassl sec-up, s s vew

Significant Research Continues on Methods to Minimize Impact of Wind
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Tests to Confirm Best Approach

 Tested 7 different outdoor
locations simultaneously

Performance compared
calculating standard deviation

of the outdoor pressure over

the 30 second readings

 To gather the data, used TEC
TECLOG software collecting

extended data at 1 sec

averages

Wind out of Northwest
at~6.7m/s

T-E-C
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Tests to Confirm Best Approach

» Tested 6 different outdoor locations
simultaneously

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

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

averages
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Tests to Confirm Best Approach

» Tested 6 different outdoor locations
simultaneously

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

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

averages
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Best Location to Measure House to Outside Pressure

Average Building Pressure Error
30+ Simulated Multi-Point Blower Door Tests

14.0%
12.0%

10.0%

8.0% e el .

: Wind direction -~
6.0% &5 "
4.0%

“LLLL |
00 [ [ [

60Pa Point 48Pa Point 35Pa Point 23Pa Point 10Pa Point

H

Error in Measured Building Pressure

W Windward Pressure Reference M Leeward Pressure Reference

TEC testing in July 2020 show windward side of the
building generally caused 3x the error of the leeward side

Positive pressure Negative pressure (suction)

Best location is leeward side at ground level
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Summary of Best Practices to Accommodate Wind

Wind ]
Becomendadiis Locauon

<5mph Outside > 5 feet from fan, time averaging = 10 sec

5-10 mph Leeward side of the building, > 5 feet from the fan, time averaging =10 sec
>10 mph Leeward side of the building, > 5 feet from the fan, time averaging = 30 to 60 sec

NOTES:

 Itis important to ensure the exhaust from the blower door fan does not impact
the outdoor pressure tap measurement. Ensure it is more than 5 feet from the
exit of the fan and be aware of obstructions.

» Place end of tube at the joint between the wall and the ground as low as
possible

» Make sure the end of the hose is protected from rain

47




Best Practices to Accommodate Wind

Minneapolis Blower Door Wind Tee is now included in the Kkit.
This simple tee, along with the TEC AutoTest app with built-in Wind Assistant ﬁ

makes it easier to comply with Best Practices.

=

-

« Ensure the exhaust from the blower door fan does not impact the measurement by AutoTest - Wind Assistant™
placing the tap more than 5 feet from the exit of the fan and be aware of obstructions.

« Place end of tube at the joint between the wall and the ground as low as possible

« Make sure the end of the hose is protected from rain

« For higher wind speeds, ensure outdoor tap is on the leeward side of the building and
increase your time averaging during the period of record

Wind Speed | Recommended P, Location

<5 mph Outside > 5 feet from fan, time averaging = 10 sec
5-10 mph Leeward side, > 5 feet from the fan, time averaging = 10 sec
>10 mph Leeward side, > 5 feet from the fan, time averaging = 30+ sec

Agenda

 Best practices for minimizing the
effects of wind

» TEC AutoTest with Wind Assistant™ ﬁ g’;

AutoTest - Wind Assistant™

* Review data from initial testing

* Where to get more information

iT-E-C
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l ATAT 58§ 29 AM T bl
) Apartment 2348 - Ama Test Do
< Proje Settings
IECC 12115 Env. Leakage Ty % =

IECC 12/15 Duct Leakage

CA Titie 24 Duct Leakage
RESHET Multi-Pt Env. Leakage
50 Pa Env. Leakage
e

NY IECC 15 Env Leakage

EnerGuide Env. Leakage

Fiow

Temperature

¢ Back

Latitude

Longitude
Alitude (1)

4 Timestamp

.

sz am

2019-06-08 13:62:04

()

Bullding Location
44950884 |

93.241726

29 4M < o

Settings

.
L]
w29 a0 <o
Settings

08

——
T-E-C
50
AutoTest - Wind Assistant™ ' o]
Wind Assistant™ N
* Monitors data during a baseline
and determines if adjustments
should be made to data ,
collection to reduce uncertainty
in data
+ Assistant which can be turned e
on or off w

Wind Assistant Makes it Easier to Recognize Windy Conditions and Take the Right Actions

51




=3
Bill Test of Lake Home w"’ﬁ

Calm Conditions Windy Conditions

windy 1 - Auto Test

Envelope Leakage Test

Envelope Leakage Test oo s e
Testing Company: Technician: Testing Company: Technician:
Name: Name: Name. Name.
Address. Credantials, Address: Credentials:
Email Email Target (Pa) Blg(Psl  Ad|Bldg(Pal  Fan(P) Fiow {cfm)
Baswine

Building Information: Customer Information: Building Information: Customer Information: 500
Project ID: up narih Name: Project ID: \ake Name:
Mddress Comslock, W Address.  Comstock, W1 Address: Comstock, W1 Address  Comstock, W
GooTog Data: Latludo 45524764 Goo-Tag Data: ~ Latitude: 45 524617

ongitude: - jtude” - 431

Timestamp: 2021-05-01 102524 Longiude: 42202

Timestamp: 2021-05-01 10:36:16

Measured Leakage: 911.1 CFM50
Test ID:

Measured Leakage: 892.2 CFM50

P i Test c:": Env. Leakag Lt Yo
urpose of Test. 50 Pa Env. Leakage: . . Purpose of Test 50 Pa Env. Leakage

Measured ACHSD: 247 Effoctive Leakage Area: 50.1 i Measured ACHS0: 212 Effective Leakage Area: 49 1 in*
Building Volurme: 25,2000 ft Enclosure Surface Area: 0.0 ¥ Building Volume: 252000 f* Enclosure Surfaca Area 0 0 fi*
Coefficient (C) 77 Exponent (n): 0.650 (assumed) Coefficient (C) 702 Exponent (n) 0.650 (assumed)
Test Standard RESNET 330 One-Point  Test Mode: Pressurize Test Standard RESNET 380 One-Point  Test Mode. Pressunze
Test Charactersstics:Indoor Temp: 68 °F Outdoor Temp: 60 °F Test Charactenistics:  Indoor Temp: 68 “F Qutdoor Temp: 85 °F

Alttugte: 1,.266.0 ft Time Average Period: 10 seconds. Adtitude: 1,265.0 ft Tima Average Pefiod: 30 seconds
Test Data and Time:  2021-05-01 10:30:47 Test Date and Time: 20210501 10:56:25

2000

2000
® Pressurize — Py —

£ -
18 y
§ o 8 [
i % ]
& 3 e
£ w 2 20
HES Zx

o o

i serasm 0 W w0 we

4 5 87880 20 30 40 506D

Buikiing Prassure (Pa)

Buieing Pressure (Pa) g—
T-E
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Summary =

AutoTest - Wind Assistant™

* Wind Assistant was turned on
“Suggest when to Use”

* Detected Wind and asked if | wanted
to move to default adjustments for
windy conditions

Added ~ 20 seconds to each POR
(period of record)

Added a slower adjust rate to lock on
to target building pressure
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Agenda

 Best practices for minimizing the
effects of wind

 TEC AutoTest with Wind Assistant™

=
* Review data from initial testing =°

AutoTest - Wind Assistant™

» Where to get more information

54
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AutoTest - Wind Assistant™

Collin and Gary Testing

 Collin and Gary performed multiple Blower Door tests
» Performed over several days
* Wind Assistant in “recommend” mode

« Goal was to confirm following
* Only turns on in windy conditions (where extra test time is worth it)
» Does not when it is not too windy
* It improves data uncertainty when there is significant wind present
* It does not deliver worse data uncertainty than with wind assistant off
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AutoTest - Wind Assistant™

Collin and Gary Testing

56
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AutoTest - Wind Assistant™

Collin and Gary Testing

1640

Q50 versus test num (red = wind asst)
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AutoTest - Wind Assistant™

Collin and Gary Testing

Correlation coefficient versus test # (red = wind assistant settings)

1.000 4 . .w. ° . oo .N.........‘ .\.'. o o g ”
L]

0.995
L]

.. .ﬂ*ﬁ L]

...

. L]
..

0.990 > L -
0.985
0.980
0.975
0.970 ~
0.965

0.960 - ®

48 B 7Eew =
Buiting Presiurs 3

W a s e

Davistions from Standard:
nene

Conelalion Coeffiient. 095045

Test Standare ASTM E779 (single mode)  Test Mode: Deprassurize

TestChaacteristics:  Pre Indoor Temp: 66 F  Post Indoor Temp: 8 F
Pre Ouldosr Temp. 61°F
Adiluge: 1083011

2021.03.08 140456

Post Ouldoor Temp: 81 °F
Time Avesage Period. 10 secands
Test Diate an Teme:

2000

Buiding Laskage i)
2888

0 50 6070

4 5 6783 0w

Bullding Frossura Fa)

Deviatons from Standar:
+ The el betmen ki sessres s gl 1072
*+ Comigion coeficirt s it of omaly st s,
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AutoTest - Wind Assistant™

Collin and Gary Testing

Effective leakage area versus test number (red = wind asst)

L ]
110 4
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1004 e . ® e '. o® o .
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= oe * ' - . .°
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.
L ]
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0 10 20 30 40 50 60 70

test number
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TEC has Contributed Other Research on this Topic

» Wind Effect on Residential Testing
» Wind Effect on Midrise Residential

* 4 side average pressure improves
repeatability, but one pressure was
often even better although difficult to
determine ahead of time which side
that would be.

* Repeated 1-point test at 50 or 75 Pa
gave more repeatable results than multi
point for the same amount of time.

REPEATABILITY OF WHOLE-BUILDING
AIRTIGHTNESS MEASUREMENTS: MIDRISE
RESIDENTIAL CASE STUDY

Terry Brennan', Gary Nelson®, and Collin Olson, Ph.D.**

ABSTRACT

60

Agenda

Best practices for minimizing the
effects of wind

TEC AutoTest with Wind Assistant™

Review data from initial testing

Where to get more information

=3

Ee
AutoTest - Wind Assistant™
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Where to get more information

EC Fog Puffer™ K

EE Lo ]
A H ™
S — AutoTest - Wind Assistant
TEC Software Download Page

Measurement Software

TEC Auto Test

TEC Gauge See Detats

AutoTest if Free - Download from the TEC Website 'T' EC

62

YouTube Website: energyconservatory.com

ASODUT  PROCUCTS  STORE  SOFTWARE APFLCATIONS TRAMNG  CAUBRATON/REFRR  SUFFORT  NEWS  CONTACT

Quick Links
Digital TrueFlow® Solution - Coming Soon!
Looking ta upgrade ta a DG-10007
TEC AutoTest Wind Assistant™ Webinar - May 6th
Gory Nelson TEC Fog Puffer™ Webinor is now posted!

The Energy Conservatory

2°

VioE0S PLANLISTS COMBUNITY

asouT Q

The TEC DG-1000 The New TEC DG-8 MINNEAPOLIS
Pressure Gauge 508 BLOWER DOOR™

The TEC G-10008 Available sl
ot

10001 Avafatie rom! The TEC DG-1000
igal preasure and fom gauge on the

Learn More

Introducing£

__future of gauges
P D owiar L

Uploads B PLAY AL

S TEC

DIGITAL TRUEFLOW'® G2y

TEG Fog Putfer™ Kit Overview | fnngLenkswanGary | TEC Orgitsl Traefiow Solurion | DE-1000 Now with Szans-
ilns - Helson Oversiew Alone Logprg!

i Minmeapolist
Total Ducs e

iT-E-C
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THE ENERGY CONSERVATORY

TEC Minneapolis Newsletter

April 22nd, 2021 . - simpler to use, broader capability & more cost-
effective!
All of us 2t The Energy Conservatory thank-you for your support and business. W continus to R ; |
make progress on the mission set over 40 years ago by our founder Gary Nelson: to help the . developed by Gary Nelson is now available!
industry defiver improved built —more energy efficient, . durable, and » - Join the Webinar with Collin
reziner. Olson on May &
Many news items and products have been released in the past few months — with several more to * - grea‘t for 5|'ng|e channel pressure
come. Here is the latest news. measurements
. - Logging, Tubing Assistant, Pitot-
In This Issue \'E")Cit\f
. - simpler to use, broader capability & more cost- * N "
affactival . —including and the
. developed by Gary Nelson is now available!
. - Join the Webinar with Collin R N
Olson on May 6 . is open and taking orders
. - great for single channel pressure . and Links to Recent Webinars
measurements
. — Logging, Tubing Assistant, Pitot- .
velocity . - Opportunity for you & your Minneapolis BlowerDoor™?
. —including and the
. is open and taking orders
. and Links to Recent Webinars
: ; . " 1 f=f=-
. - Opportunity for you & your Minneapolis BlowerDoor™?

We are announcing the TEC Fog Puffer™ Kit developed by Gary is available for
sale at the TEC store — at the very reasonable price of 559.

Gary has been refining this design for over 2 years - optimizing exactly how this
We are very excited to announce the Digital TrueFlow” solution will begin shipping in early Vapor-pen based prﬂd uct works.

May. A few years in the making, this new design and accompanying TrueFlow App delivers
several new features which simplifies the use, broadens the measurement capability, and
delivers it all at a significantly reduced price point. It is recognized as an effective and accurate
method for measure total system air flow by many DOE and utility programs, as well as ANSI /
RESNET / ACCA for Standard 310 grading. To leamn more — check it out

Gary presented this product on April 1 and you can find the webinar here:

You can also watch his 7-minute product overview here:
NOTE: The Legacy TrueFlow is no longer available. We are announcing the new Digital binks
TrueFlow product a month early because we have depleted our inventory of the legacy
TrueFlow grid. A few of our distribution partners still have a few. In the meantime, please sign : . X
up to get on the waiting list for the new product — and let us know if you have questions by We will be taking feedback from users on both adjustments to make to the

calling us at 612-827-1117. product and input on what we should call the product!
iT-E-C




PN
The DG-1000 is the OMLY Pressure & Flow Gauge on the market able to run
app assistants and provide options for both WiFi and Bluetooth connectivity.

NEW software update to the DG-1000 Gauge. This FREE software update adds
stand-alone data logging, ancther update to the on-board tubing assistant app
to include guidance on duct leakage to outside test set-up, and a pitot velocity
mode.

New DG-1000 software (1.7.0.26) is released, and includes:

+ Stand-alone Logging: Leave a DG-1000 to log data for extended periods
(set up logging and extract data via TECGauge PC — available here:

Tubing Assistant with Duct Leakage to Qutside
Pitot Velocity Mode

There is no cost for this update. Just connect the gauge to the internet, press
the Update button on the Home screen of the DG-1000 and you will see 1.7.0.26
available to download and install. Once installed, you will be prompted to
restart the DG-1000 for the new features to be activated.

TEC Releases the DG-8 Micromanometer to Improve Accuracy in Key Building You can find more information on setting up logging mode here:
P ement Applications
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THE ENERGY CONSERVATORY

Questions for Collin?
=3

are ]
Bill Graber AutoTest - Wind Assistant™

bgraber@energyconservatory.com
PH: 612-254-2161

Can also send questions to:

TEC - THE ENERGY CONSERVATORY
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AIVC - TightVent Europe - INIVE
Webinar ‘Impact of wind on airtightness test results’
8" November 2021

In-situ investigation of the impact of
dynamic wind on fan pressurization method

Dimitrios Kraniotis

Dep. of Civil Engineering & Energy Technology
Oslo Metropolitan University - OsloMet
dimkra@oslomet.no

METROPOLITAN UNIVERSITY
STORBYUNIVERSITETET

&%, Experimental site — As, 30 km south of Oslo

The file of the meteorological station BIOKLIM of the
Norwegian University of Life Sciences (NMBU)

PointA

Point B

Point C

OSLO METROPOLITAN UNIVERSITY
STORBYUNIVERSITETET

3d ultrasonic

anemometer
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&, Insulated test house in cross-laminated timber (CLT)
l -3 Jf::ﬂ A J::: ‘
N I NG N
I |
. N
I |
! |
| i
Internal Dimensions External Dimensions
Length [m] 7 m 7 dm Internal Volume [m?®] 56.952 [m?]
ng . 2 2
Width [m] 3.6 m 105 m Net Floor Area [n; ] 25.2 [m ]2
Height [m] 296 m 2,65 m Envelope Area [m?]  60.685 [m?]

Elevation [AMSL Y] [m]

90 m

3

In-situ measurements — Overview of temperature

* 10 selected days (variation in 3d wind speed and direction)
* Both pressurization and depressurization; 8+8 tests during a day
* In total: 158 tests

Indoor Temperature

Outdoor Temperature

Temperature Difference

[C] [C] [mK]
Day 1 21 4.8 35.6 ")
Day 2 21 6.5 32.0
Day 3 21 6.6 31.7
Day 4 21 10.0 24.2
Day 5 21 5.0 35.3
Day 6 21 13.0 17.6
Day 7 21 9.7 24.9
Day 8 21 5.9 33.2
Day 9 21 16.5 9.8
Day 10 21 19.7 20 __

— <250 mK

likely that a satisfactory zero flow
pressure difference can be obtained.
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o,,»°%» In-situ measurements — Overview of wind conditions

ISO 9972: A wind speed near the ground that exceeds 3 m/s or a meteorological wind

speed above 6 m/s is unlikely to satisfy the zero-flow pressure difference requirement.’

Wind Condition: Wind Condition:

Day Wind Direction Mean Wind Speed Mag- Meteorological Wind Wind Direction Mean Wind Magnitude Meteorological Wind
nitude at 2.2m Speed at 10m at 2.2m Speed at 10m
# [51 [%] [
1A SSE SSW
1B SSW 9.56 SSW 8.7
2 SSE 4.68 SSE 5.96
3 NNW NNE
1 WWN 3.22 WWN 5.65
5 WWSs WWS
6 WWS 280 WWN 446
7 NW 2.58 WWN 2.71
8 SW 9 4 WWS 3.34
9 SSW 5.90 7.47 SSW
10 WWN 2.24 2.84 WWN 1.72 2.25
pressurization depressurization ’
) .
& %, |One would expect that Days 7, 8 and 10 would satisfy the zero-
flow pressure difference requirement .
ISO 997 ical wind
speed al WHILE irement.’
Day  Wind The Days 1-6 and Day 9 would not satisfy it eteorological Wind
beed at 10m
# T51 5T 5]
1A SSE
1B SSW .
2 sst | One would expect that Days 2, 4, 6, 7, 8 and 10 would satisfy
3 NNW ) )
4 WWN the zero-flow pressure difference requirement
5 WWS
6 WWS
7 NW WHILE
8 SW
9 SSW
1 WWN

‘ =

The Days 1, 3, 5 and Day 9 would not satisfy it




o,,»°%» ISO 9972:2015 — Criteria control
e air flow exponent (n): 0.5 < n < 1
o coefficient of determination (r?): 0.98 < 2 < 1

¢ zero-flow pressure difference (baseline pressure value):

|Ap01+| and |Ap01—|
{ |Ap02+| and |Apo2—| [ = 5F2

¢ pressure difference sequence (AP): AP < 10Pa

¢ lowest target pressure difference (AP):

Ap_ ] 103%Pa, if[103% > 5 x Ap0l]
T\ 5 «Ap0l, if[5 = Ap0l > 10 3%]

OSLO METROPOLITAN UNIVERSITY
STORBYUNIVERSITETET

Building leakage rate results (sample: Days 1-7)
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Deviations from Standard [SO 9072 - Test Parameters

— | Txponent 1-value outside of Cocficient of Determination  Bascline pressure valucs = outside of Interval between bullding  Minimum pressure i nof within /- 3Pa of the
acceptable limits (0.5 < n £ 1), (0.98 < 12 < 1) acceptable limits pressures exceeds 10 Pa_ greater of 10 Pa or (5 * zero-flow pressure Ap01)
1A |
z
a
1-1A
21a
3-1B
4-1B
5-1B
6-1B
a
L
2
3
4
5
6
v
a 8 |
z
a
1
2
3
1
5
6
T
a 8
1
2 —
3
1
I |
6
T
» s
z
a
1
2
3
1
5
6
T
A 8
eviations from Standare est Parameters
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D Trom oStandard 150 U072 - Test P

Test # Exponent n-value outside of Coefficient of Determination Baseline pressure values is outside of Interval between building Minimum pressure is not within + /- 3Pa of the
acceptable limits (0.5 < n < 1). (0,98 <12 < 1) acceptable limits pressures exceeds 10 Pa___ greater of 10 Pa or (5 * zero-flow pressure .Ap01)
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Test # Exponent n-value outside of Coefficient of Determination Baseline pressure values is outside of Interval between building Minimum pressure is not within +/- 3Pa of the
acceptable limits (0.5 < n < 1).  (0.98< r2 < 1) acceptable limits pressures exceeds 10 Pa___greater of 10 Pa or (5 * zero-flow pressure .Ap01)
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&%, Criteria control - Discussion

One would expect that Days 7, 8 and 10 would satisfy | | One would expect that Days 2, 4, 6, 7, 8 and 10 would
the zero-flow pressure difference requirement satisfy the zero-flow pressure difference requirement
WHILE WHILE
The Days 1-6 and Day 9 would not satisfy it The Days 1, 3, 5 and Day 9 would not satisfy it

* The wind-based criterion in ISO 9972:2015 generally predicts the likelihood,
HOWEVER fails to predict the non-likelihood of zero-flow pressure difference
requirement;
¢ The days 7, 8 and 10 have fulfilled the requirement both in the pressurization and
depressurization tests.

* The days 3, 4 and 6 also fulfil the requirement both in the pressurization and
depressurization tests.

* The vast majority of tests during the day 5 also fulfil the requirement (only 1 out of
8 fails in pressurization and 2 out of 8 in depressurization)

* The days 1, 2 and 9 show the worst performance.

14

&%, Criteria control — The role of turbulence intensity (?)

* On the day 5 - pressurization: the one test that fails to fulfil the requirement has the
highest turbulence intensity among all tests, i.e. 25.5%, while the other tests have
between 15.5 and 19.5% (approximately).

* On the day 5 - depressurization: the two test that fail to fulfil the requirement have
the highest turbulence intensity, i.e. 21%, while the other tests have between 17.5 and
19.5% (approximately).

OSLO METROPOLITAN UNIVERSITY 15
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o,,»°%» Summary of results — Steady state analysis | Pressurization

Test Results at 50 Pascals:

Building Leakage Curve:

Wind Condition:

Day Air Leakage Leakage Air  Flow Air Leakage Air Flow Determination Wind Class Wind Direction Mean Wind Speed Mag- Meteorological Wind
Rate: q5p Areas:ELAgy Coefficient — Coefficient  Exponent Coefficient: nitude at 2.2m Speed at 10m

#_ (3] ] Com o n i 2] (]

1A 283 0.0086 31.6 315 0.561 0.93828 Fresh breeze SSE 7.01 9.13

1B 269 0.0082 34.9 34.9 0.522 0.89903 Fresh breeze S5W 7.55 9.56

2 279 0.0085 18 18 0.701 0.98515 Gentle breeze SSE 4.03 4.68

3 278 0.0085 17.1 17.1 0.713 0.99151 Moderate breeze NNW 4.33 6.17

4 289 0.0088 16.9 16.9 0.726 0.98968 Gentle breeze WWN 4.82 3.22

5 304 0.0003 16.6 16.6 0.744 0.82193 Fresh breeze WWS 7.15 8.45

6 314 0.0096 18.2 18.2 0.728 0.99471 Gentle breeze WWws 3.55 2.89

7 313 0.0095 19.3 19.3 0.712 0.98242 Light breeze NW 2.32 2.58

8 311 0.0095 174 17.3 0.738 0.99511 Gentle breeze SW 2.92 4.12

9 313 0.0095 16.4 16.4 0.754 0.97962 Moderate breeze SSW 5.90 747

10 302 0.0092 15.9 15.9 0.753 0.99566 Light breeze WWN 2.24 2.84

OSLO METROPOLITAN UNIVERSITY
STORBYUNIVERSITETET
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o"”o%,\ Pressurization: Coefficient of determination & mean wind speed

Wind Speed[Z]

Wind Direction[fy)

Test Day - Mean Speed | Probability density function Probability density function Mean Exposure
Normal distribution Weibull distribution Zone

0.99566 2.24 0.4499 0.4289 296.4169 [WWN]
0.99511 2.92 0.5256 0.4549 227.5659 [SW]
0.99471 3.55 0.4235 0.3928 252.7078 [WWSg]
0.99151 4.33 0.2636 0.2506 353.7472 [NNW]
0.98968 4.82 0.3427 0.3150 279.9403 [WWN]
0.98515 4.03 0.3015 0.2867 162.7255 [SSE]
0.98242 2.32 0.3276 0.3250 302.4302 [NW]
0.97962 5.9 0.3129 0.2914 208.4336 [SSW]
0.93828 7.01 0.2301 0.2199 178.2021 [SSE]
0.89903 7.55 0.1919 0.1781 186.1113 [SSW]
0.82193 7.15 0.1669 0.1486 254.3990 [WWS]

OSLO METROPOLITAN UNIVERSITY
STORBYUNIVERSITETET

Day 7: High turbulence intensity!
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&%, Summary of results — Steady state analysis | Depressurization

Test Results at 50 Pascals: Building Leakage Curve: Wind Condition:
Day Air Leakage Leakage Air  Flow Air Leakage Air Flow Determination Wind Class Wind Direction Mean Wind Magnitude Meteorological Wind
Rate: qzg AreastELA;, Coefficient  Coefficient ~ Exponent Coefficient: at 2.2m Speed at 10m

3

# % [m?] Conv Cr n [r?] 5] %

1A 191 0.0058 17.5 179 0.606 0.97508 Fresh breeze SSW 7.56 9.08

1B 186 0.0057 134 13.6 0.667 0.93826 Fresh breeze SSW 7.02 8.72

2 184 0.0056 11.3 114 0.711 0.98592 Gentle breeze SSE 4.78 5.96

3 183 0.0056 10.1 10.2 0.738 0.99557 Moderate breeze NNE 4.31 6.86

4 186 0.0057 8.9 89 0.775 0.97915 Gentle breeze WWN 5.29 5.65

5 198 0.0060 7.6 7.7 0.831 0.97466 Fresh breeze WWS 7.55 8.00

6 212 0.0065 10.2 10.3 0.774 0.99282 Gentle breeze WWN 3.67 4.46

7 225 0.0069 12 12.1 0.746 0.99563 Light breeze WWN 2.34 2.71

8 204 0.0062 104 10.5 0.758 0.99817 Gentle breeze WWs 1.63 3.34

9 209 0.0064 12.7 12.7 0.715 0.96174 Moderate breeze SSW 6.07 5.80

10 208 0.0063 104 10.4 0.766 0.99871 Light breeze WWN 1.72 2.25
OSLO METROPOLITAN UNIVERSITY 18
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oc,\'o%’\ Depressurization: Coefficient of determination & mean wind speed

Wind Speed[7] Wind Direction[,,)
Test Day _ Mean Speed| Probability density function Probability density function Mean Exposure
Normal distribution Weibull distribution Zone
0.99871 1.7218 0.5457 0.5222 277.4304 [WWN]
0.99817 1.6338 0.4303 0.4428 247.0509 [WWS]
0.99563 2.3416 0.3607 0.3501 282.1677 [WWN]
0.99557 4.3001 0.2588 0.2434 11.6032 [NNE]
0.99282 3.6732 0.3698 0.3460 278.5971 [WWN]
0.98592 4.7778 0.3137 0.2907 176.9836 [SSE]
0.97915 5.2948 0.2537 0.2312 280.3751 [WWN]
0.97508 7.5580 0.1927 0.1802 188.3780 [SSW]
0.97466 7.5540 0.1855 0.1689 252.6940 [WWs]
0.96174 6.0691 0.2567 0.2425 211.7289 [SW]
0.93826 7.0195 0.2068 0.1896 185.3449 [SSW]
OSLO METROPOLITAN UNIVERSITY 19
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°=,»°%» Coefficient of determination & mean wind speed

Coefficient of Determination for all 158 tests
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o%, Probability density function of wind speed - Pressurization
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°¢,»°%» Probability density function of wind speed - Depressurization
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°¢,»°%» Wind direction and coefficient of determination
Average wind direction for all 158 tests considering the circular property of
wind direction(0-360 degrees)
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%, Probability density function of wind direction and coefficient of
V . .
¢ % determination

Coefficient of Determination for all 158 tests
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&%, Synoptic points

* Pressurization and depressurization: different performance with respect to the fulfilment of the
criteria as per ISO 9972; Pressurization fulfils ‘easiet’ the criteria compared to depressurization

* Pressure difference sequence and lowest target pressure difference show the highest failure
potential, after the zero-flow pressure difference criterion

*  Over 25% of the tests would have been rejected by the ISO, however they fulfil the zero-flow
requirement.

*  Wind fluctuations and turbulence intensity increase the likelihood for failure of the zero-flow
requirement as well as the uncertainty of the test(s), even in favourable (according to ISO 9972)
wind conditions

* Wind direction against relatively big leakages increases the uncertainty of the test(s)

* The variation in wind direction is important: when wind direction changes a lot (and therefore
the pressure distribution around the building), the test becomes more reliable.
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Thank you for your attention!
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