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ISO 9972: FAN PRESURIZATION METHOD

EUROPEAN STANDARD EN ISO 9972

NORME EUROPEENNE

EUROPAISCHE NORM September 2015

ICS: 91.120.10 Supersedes EN 13829:2000

English Version
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i ISO CONSTRAINTS

Zero-Flow Pressure Differences

+ Ap, = Pressure difference between inside and outside 5 /\
when a building is not artificially pressurized =0 /\

* |SO 9972 defines constraints to limit the influence of
wind + temperatures

» Constraints for valid measurements:
1. 1Apyl < 5Pa
2. Lowest Ap,;=10 Paor 5 x 1Ap,l

en .
?2%5 5 = Ce rema ISO 9972 & Zero-flow pressure l

i ISO CONSTRAINTS EXCLUDE MANY BUILDINGS FROM BEING
TESTED!

Understanding airflow errors and effectiveness of ISO
constraints:

* What is the error of the measured airflow induced by Ap,?
* Which parameters influence Ap, in detail?

* Does pressure tap position have an influence on Ap, ?

* Are there alternative constraints that could be applied when [ )
the ones in ISO 9972 are impossible to reach (e.g., for high-
rise buildings)?
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STACK EFFECT MODEL
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UNDERSTANDING ZERO-FLOW PRESSURE

Stack measurement position of Ap,

CO q ‘T_I_’f T; > T,
_ Lt A
Zs = C_ t

> Always negative b [ H
» Depends on:

*  Temperature difference Apy

+ Building height X .. ba

+ Pressure exponent o -

Leakage distribution

o
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ISO 9972 AIRFLOW ERROR

Calculation procedure and assumptions in ISO 9972:

Correction of the measured pressure station with Ap:

= - n EUROPEAN STANDARD EN IS0 9972
Qest = Cest (Apse — Apo) NORME EUROPEENNE
EUROPAISCHE NORM Septamber 2015

GS:91,120.10 ‘Supersedes EN 136292000

Contrary to the assumption in ISO 9972:

English Version

Cest(Apst — Apo)™ = Cp Apy + Ce(App — Ps) S i

Cost # reat = O + o R e
Airflow error:
ﬁ — Cest - Creal — Cest(Apst - Apo)n 1 Cb Aplr: + Ct(Apb - ps) -1
: q Creal Creal(Apst - APO)” Creal (Apst - Apo)n
?_fé%ca u \r:,z Ce re ma ISO 9972 & Zero-flow pressure l
UNDERSTANDING ZERO-FLOW PRESSURE
Stack measurement position of Ap,
Ds Po
Apos = ————7 ps*—gATH .= T
Pos =714 1/z2™ * T qe T, > T,
Ce
Zg = —
Airflow error: G
H
8q _ CpApy + C(Apy — ps) __Ps
Ty Croa@p— oo " Boe 2
s real\QPst Po S J 0 9va
qb A | L
8q 14 2z,(1 + x)" 1
5 (1 +29)(1+ Xs n (8pp = Apse)
1+1/22"
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WIND MODEL - PRESSURE TAP POSITIONS

Next to the building
Windward Leeward
Fagade T; =T, Fagade
—_—
Qup Gdown
— €rnnnnn Pabsi = eeeeees > Pabs,e
—_— >I( /X\ >I< i
—_— Apup ADgown
Wind X Gba
Y e
) Apeq
Wind
Pressure difference
across envelope
z= 5% Cerema

ich ore to ST

Further away
from the building

e —
= Ty

Equilibrium internal
pressure
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UNDERSTANDING ZERO-FLOW PRESSURE

Upwind measurement position of Ap,

Pup = Cpup 7”2

)
iin

b 5% Cerema

[

Pu c e
\ oW d
APo,up =(=5 D) Zy = % Windward Leeward
1+1( up Facade L =T, Fagade
. \Zup ) Qdaown
> Always negative - i Pafs.z s>
—_—
> Depends on: N
. —_— Apup
* Upwind pressure Wind
« Downwind pressure . Tba
* Pressure exponent
» Leakage distribution Po Po. 2

Pdown = Cp,down ?u

ISO 9972 & Zero-flow pressure
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UNDERSTANDING ZERO-FLOW PRESSURE

Upwind measurement position of Ap,

q =CAp"
Ap _ Pup — Pdown 7 = Cdown Windward L d
oup — "~ 1/n w ="~ indwar eewar
1+1/ Z;//n Cup Fagade T, =T, Fagade
X = Pup — Pdown — q q
Airflow error: w Aps: —_— 2. Pabs.i g - down
— [
ﬁ _ Cest,w,up = Creatw — Apup
q w,up Creal,w Wind 1 0a
Y
_ 1+ 2,1+ x,)" L J
- Xy no =C Po 2 =C Po 2
(1 +z,) (1 + m) Pup = Lpup ?u Pdown = p,down?u
w
%::’”‘ 3 \]';'3 Ce rema ISO 9972 & Zero-flow pressure
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UNDERSTANDING ZERO-FLOW PRESSURE
Downwind measurement position of Ap,
q =CAp"
_ Pup — Pdown _ Pup — Pdown
Apo,aown= Y i/n Apoup = — 1/n Windward Leeward
1+z, 1+1/z, Fagade T, =T, Facade
—
ags Qup Qdaown
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Airflow error: —_— Apaown
Wind X Gpa
8q Zy + (1= x,)" <o
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UNDERSTANDING ZERO-FLOW PRESSURE

Equilibrium measurement position of Ap,

g =Cap"
_ P £ Paowy _ Caoun |
Apoweq = Zw = . Windward Leeward
1+z, up Fagade T, =T, Fagade
—
agn . qup Gdown
» Can be positive or negative e Pafsz ------- > abs,e
. X
depending on the leakage -
distribution! ”
Wind X Gba
<o
Apeq
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UNDERSTANDING ZERO-FLOW PRESSURE

Equilibrium measurement position of Ap,

i ZR
&

1/n q =CAp"
_ Pup + 2y Pdown
Apo,w,eq = 1im Windward Leeward
1+z, Fagade T, =T, Facade
q q
Airflow error: — ‘up Pabs,i -------dbown Pabs,e
— X X
n n >
6_‘1 _ (1 - xw,up) + Zw(1 - xw,down) 1 Wind
B 1 n n 7 Gba
q w.eq (1 + ) 1— Xw,up + Zw/nxw,down L
w 1+ z/m
w
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UNDERSTANDING ZERO-FLOW PRESSURE

Windward Leeward
Fagade T;=T, Facade [ i” e
—_—
—_— q.up Pabs,i ....gfmwn 6 1 1 n
— %q _ +z(1+x) .
— Apup q P n )
Wind 1 - 3
in . ..(.I.[.’d (1 + Z) 1+ 1+ 1/21/71 . /x ;_"mbd
Prorce —
Bpoy=—
. 1+ 1/z1/n
Wind A / Stack
= =ps~2gATH
Prorcewup = Pup — Pdown Pforces = Ps To 9
Prorcew _ Prorces
X, = —— s =
w Apgt Apge
7 = Cdown zZg = &
Y Gy Cp
?_féms \]'.; Ce rg ma ISO 9972 & Zero-flow pressure
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Range of parameters
Input variable Min. value Max. value Distribution characteristics
n 0.5 0.9 Linear distribution in steps of 0.1
ADstpres/depres +10 Pa +100 Pa Linear distribution in steps of 10 Pa
u 0m/s 10m/s Linear distribution in steps of 0.1 m/s
z 1/99 99 Logarithmic distribution with 100 values
AT 1K 20 Linear distribution in steps of 1 K
K (always T; > T,)
H 4m 100 m Linear distribution in steps of 1 m
Cpdown - - [-0.3,—0.5,-0.7]
Copup - - [0.05,0.25,0.5]
3 million wind and 7 million stack pressure scenarios!
Nwout el
RaReAR r_& Ce rg ma ISO 9972 & Zero-flow pressure
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KEY FINDINGS

Pressurization Depressurization
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Opyr
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#ear S Cerema

Most leaks at
the top

2,>4.0

20<254.0

05<z,=2.0

025<2505

z,=025 Most leaks at
the bottom

Stack measurement position of Ap,

Pressurization Depressurization Pressurization Depressurization
05 05
—=- Max.probable pres. eror- 313 % ==- Max._probable pres. error: 5.69 %
----- Max. probable depres. ermor- 13.29 % -+ Max._ probable depres. emror: 1357 %
——- Max. possible pres. emor- 16.09 % —=—- Max.possible pres. error: 16.26 %
044 -oen Max. possible depres. error- 45.20 % 0.4 ----- Max_possible depres. efror- 15.69 %
0.3
0.2

0
-20 -15 -10 -5

[

=
ISO constraints

o
-20 -15 -10 -5

Bp
Alternative
-> Fully pres/depres building with a
margin of 10 Pal!
ISO 9972 & Zero-flow pressure

17

KEY FINDINGS

Pressurization Depressurization
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Upwind measurement position of Ap,

Windward Leeward
Fagade T; =T, Fagade
C 4. q
up down
_ Ydown — b Pabsi e >
Zy = —_—
Cup —_— Apyp
Wind i [
Pressurization Depressurization Pressurization Depressurization
05
==—- Max. probable pres. emor: 1.45 % ==+ Max. probable pres. emor: 5.14 %
----- Max_ probable depres. emor: 186 % =--rrsssssssssmmsnns «sss» Max. probable depres. error- 15 26 %
——- Max. possible pres. emor: 15.83 % ==+ Max. possible pres. emor: 16.02 %
Max. possible depres. emor- 45.10 % 0.4 -+~ Max. possible depres. error- 15.38 %
03
02
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[

Box
ISO constraints

Bp=
Alternative
-> Fully pres/depres building with a
margin of 10 Pa!
ISO 9972 & Zero-flow pressure
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KEY FINDINGS

z,>8 Mostleaks
downwind
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Full dataset

B % Cerema

Windward Leeward
Facade =T, Fagade

Caown — o taon
Z, = — —
YT Gy —

up Wind

dba

Downwind measurement position of Ap,

Depressurization Pressurization

Depressurization Pressurization Depressurization Pressurization
05 0.5
==+ Max_ probable pres. error: 45.10 % ==+ Max. probable pres. eror: 11 66 %
f--eees Max_ probable depres. ermor: 1297 % ===========d | o Max. probable depres. error: 1582 %
==+ Max. possible pres. error: 45.10 % ==+ Max. possible pres. error: 15.38 %
0.4 =+ Max. possible depres. error: 15.83 % 0.4 -eee Max. possible depres. error: 16.02 %

Aps Apse
Doz Do
ISO constraints Alternative

-> Fully pres/depres building with a
margin of 10 Pal!
ISO 9972 & Zero-flow pressure
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KEY FINDINGS

Pressurization

0.5

i

0.3
&
Il

0.2

0.1

-0 -15  -10 -5 [} 5 10 15 20

B % Cerema

Windward Leeward
Fagade Ti=Te Fagade
—
C Gup Gaown
down —> i Pabs,i wreen - Pabs.e
7z = X x
w Cup
Wind qu

Apeq

Equilibrium measurement position of Ap,

Depressurization

05
Most leaks
z,>8 N zo>
downwind
0.4
5<z,s8 5<z,s8
03
99
Izl
3<z,=5 3<z, =5
0.2
l<zyx3 l<z,=3
0.1
Most leaks
zu=1 N Zes1
upwind
0.0

-20 -15 -10 -5

ISO 9972 & Zero-flow pressure

20




KEY FINDINGS L, Caown E el A S
w Cup - | ‘ |q
3
Equilibrium measurement position of Ap,
tic,.,", B Depressurization
&l &
. = - Alternative -~
SO constraints - Fully pres/depres building with a
margin of 10 Pa!
%-'r‘oca"“-"s‘f "r‘_; Ce r’e ma ISO 9972 & Zero-flow pressure
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SUMMARY AND CONCLUSION

« 1SO 9972 constraints reduce significant flow errors
» High-rise buildings or buildings in windy locations are often
impossible to test

AR "r‘_; Ce rema ISO 9972 & Zero-flow pressure [
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SUMMARY AND CONCLUSION

B % Cerema

Alternative: Pressurizing or depressurizing the entire building with a
margin of 10 Pa would - same range of error!

Max. probable error:

Max. possible error:

Pressurization Depressurization
Downwind Upwind Equilibirum  Stack |Downwind Upwind Equilibirum  Stack
ISO constraint 45% 1% 3% 3% 13% 2% 3% 13%
New constraint 12% 5% 12% 6% 16% 15% 15% 14%
Pressurization Depressurization
Downwind Upwind Equilibirum  Stack |Downwind Upwind Equilibirum  Stack
ISO constraint 45% 16% [ 16% 16% 45% 45%
New constraint 15% 16% 16% 16% 16% 15% 15% 16%

ISO 9972 & Zero-flow pressure
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Reassessing ISO 9972 constraints: A mathematical analysis of errors in
building airtightness tests due to steady wind and stack effect

Benedikt Kolsch ", Valérie Leprince ™, Adeline Mélois ", Bassam Moujalled "

* Cerema, Direcrion Teritoire et Vil 2 rue Ansaine Charial, 69426 Lyon, France
" Cerema, BPE Research Team, 46 rue Saint Thiobald, 35081 L lsle d Abey, France

ARTICLE INFO ABSTRACT

Keywords Bullding airtightness significantly impacts its energy use estimation. The fan pressurization test, outlined in 1SO

;“:i"g‘"“i’"-"ﬂ 9972, is the most commanly used assessment methad. A crucial companent is the zero-flow pressure difference,
Vind effect

influenced anly by wind and stack effects. The IS0 9972 mandates that the absolute value of this pressure dif-
i‘ﬂ"’n’:’“;w“ P ference be less than S Pa and the minimum pressure station be ither 10 Pa or five times the zero-flow pressure
Sero-flow pouns difference. The rationale tralnts fuen excluding high-rs wind-
s 9372 prone areas from standardised testing.
“This research examines these 180 9972 requirements, aiming to clarify theis basis and propose altematives.
Equations were developed to connect airflow estimation error with the ratio of the measured pressure station to
sero-flow pressure difference, The external pressure measurement location during the test was fornd pivotal in
determining airflow errors due to 150 constraints, While existing constraints limit airflow errors in many sce-
narios, cnhancements are pessible. If IS0 9972 conditions are unicasible, always maintining a 10 Pa buffer
across facades can contain maximum airlow errors. This study suggests an alternative constraint with a similar
error range (about 15 %) to current ones, enabling standardized testing in environments where cxisting 150
conditions are unattainable.

ISO 9972 & Zero-flow pressure
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QUESTIONS?

Pressurization Depressurization
03 === Max. probable pres. error: 5.69 %
+ Max. probable depres. error: 13.57 % zs>4.0
- Max, possible pres. error: 16.26 %
- Max. possible depres. error: 15.69 %
20<z;=4.0
5q 0.3
Benedikt Kélsch 7l
Benedikt.koelsch@cerema.fr o2
. . 025<2z,=0.5
Valerie.leprince@cerema.fr
z: =025
E:‘é-'r‘.cm i \]-:{ Ce rema ISO 9972 & Zero-flow pressure
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