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Standard Test Methods for
Determining External Air Leakage of Air Distribution
Systems by Fan Pressurization *!

This standard is issued under the fixed designation E 1554; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover two techniques for measuring the air leakage of the sections of air distribution systems that pa
outside the conditioned space in low-rise residential and small low-rise commercial buildings. Both techniques use air flow anc
pressure measurements to determine the leakage characteristics, and include separate measurements of the supply-side anc
return-side distribution system leakage.

1.2 These test methods also specify the auxiliary measurements needed to characterize the magnitude of the distribution syst
air leakage during normal operation (a measurement of pressure differentials across duct leaks during normal distribution-syste
operation), and to normalize the distribution system’s air leakage by the total recirculating air flow induced by the
d15+HbuﬁeH-sys{e+n air handler fan.
i ad low win
e-differentials.

1—4—11he proper use of these test methods requwes a knowledge of the prmmples of air flow and pressure measurements.

1.54 These test methods are intended to produce a measure ofthe-aittightness leakage between an air distribution system :
its surroundings exterior to the conditioned space of a building.

1.65 The values stated in Sl units are to be regarded as standard. The values given in parentheses are for information only

176 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to useFor specific hazard statements, see Section 7.

* These test methods are under the jurisdiction of ASTM Comnrittee E-6 E06 on Performance of Buildings and are the direct responsibility of Sutieéndittee
Air Leakage and Ventilation.

Current edition approvee-3an—15:-1994. Dec. 1, 2003. Published-Aprit 1994. January 2004. Originaty-publishet-asE£-1554 — 93. approved in 19@8ukastifion
approved in 1994 as E 1554 — 934.
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2. Referenced Documents

2.1 ASTM Standards?

E 631 Terminology of Building Constructions

E 741 Test Methods for Determining Air Change in a Single Zone by Means of a Tracer Gas Dilution
E 779 Test Method for Determining Air Leakage Rate by Fan Pressurization

E 1258 Test Method for Airflow Calibration of Fan Pressurization Devices

2.2 ASME Standard:

MFC-3M Measurement of Fluid Flow in Pipes Using Orifice Nozzle and Vehturi

3. Terminology

3.1 Definitions—Refer to Terminology E 631 for definitions of other terms used in these test methods.
3.1.1 air handler fan—the air moving fan for the distribution system located in the air-handling unit.

3.1.2 air-handling unit—the distribution-system fan and portion of the distribution system that is integral to the furnace,
air- condltroner or heat pump
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4 1 Two alterna‘uve measurement and anaIyS|s procedures are specrf|ed The f|rst of these techmques Test Method A, is basec

upo n system ehanges in good
eemmumeaﬂen—wrth%buﬂdmg—nﬁth—the—re&wn—srde—eﬂhe flow through drstrlbutlon system s leaks at fixed envelope pressure

differences due tem air handler operatron Fhe b envelope pressure drlfferences are generated by a separate air moving fan, bott
pressurization a Ay erm-the-building. depressurization measurements
are performed The second technlque Test Method B, is based—upen—ma%an—presswrzaﬂenﬁests—utﬂﬂng—dweeemeasurement of
5 J op -Both tests

miFest—MeHaed—B—are—eendueted-wth pressur zrng—the—supply—ﬁde—sealed—#em—the—return srde drstrrbutron system at the same time
as the house in order to isolate the leaks that are outside the butioldin-g envelope. Measured system f operating pressures are the
used to estimate leakage under operating conditions—Fest-Metheds A and Methed B are is shown schematically-inFigs. 1 and 2,

respectively.
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astrrmrgaFBook of ASTM Standards
Vel-04-1%. volume information, refer to the standard’s Document Summary page on the ASTM website.

2 Available from American Society of Mechanieat-Engineers;—345-E—47th St., Engineers (ASME), ASME International Headquarters, Three Park Avek, N&fw Y
100176-5990.
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FIG. 1 Schematic of Method B—Duct Pressurization Test (for Supply Leakage)

4.2 These test methods also include specifications for the auxiliary measurements to interpret the air leakage measuremen
These include measurement of the pressures that drlve dlstrlbutlon system air Ieakage during normal system operation ar
measurement of the Py y oty aracteristic

enty—the—ehstnbuﬂen—system air handler f&n—m—eper&tron ﬂow

5. Significance and Use

5.1 Air leakage between an air distribution system and unconditioned spaces affects the energy losses from the distributio
system, the ventilation rate of the building, and potentially the entry rate-ef-various air pollutants.

5.2 The determination of infiltration energy loads and ventilation rates of residences and small commercial buildings are
typically based on the assumption that the principal driving forces for infiltration and ventilation are the wind and indoor/outdoor
temperature differences. This can be an inappropriate assumption for buildings that have distribution systems that pass throu
unconditioned spaces, because the existence of relatively modest leakage from that system has a relatively large impact on over
ventilation rates. The air leakage characteristics of these exterior distribution systems are needed to determine their ventilatiol
energy, and pollutant-entry implications.

5.3 Air leakage through the exterior air distribution-systems envelope may be treated in the same manner as air leakage in tf
building envelope as long as the system is not operating (see Test Method E 779). However, when-the-distribution-system a
handler fan is turned on, the pressures across the air distribution-system leaks are significantly larger than those driving natur
infiltration, thereby inducing much larger flows. Thus, it is important to be able to isolate these leaks from building envelope leaks.
Alse—due Due to the different impacts of supply-side and return-side distribution-system leaks, these two air leakage pathway
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FIG. 2 Example of Air-Flow Difference and Envelope Pressure Plot for Test Method A

shall be measured separately. The leakage of air distribution systems must be measured in the field, because it has been shown th
workmanship is often more important than design in determining the leakage of these systems. Also, In addition, it is important
to distinguish leaks to the conditioned parts of a building from leaks to the outside.

5.4 As an alternative to the-fan-pressurization-method, test methods in this standard, air infiltration with and without an air
distribution system operating may be measured directly using the tracer dilution method (see Test Method E 7#41). The fan
pressurization-method-provides test methods described in this standard provide an indirect way to relate the infiltration rate to the
leakage of the building and the air distribution system.

55 —'FComblned with the fan pressurrzatron method for measurlng envelope leakage (Test Method—E-+#7#9)—and the fan
ystems have there are several advantages over the
tracer drlutron method. The—f&a—pressem—zaﬂeﬂ—metlcred-pfeduces methods descrrbed in this standard produce results that characteriz
the air tightness of the building envelope and the air distribution systems-—Fhe-fan-pressurization-methoed-formeasuring-the external

leakage-ofair-distribution-systems-is-used: methods described in this standard are used to compare the +efative-air tightness leakag
of several similar air distribution systems, to identify the leakage sources and rates of leakage from different components of an air

J] distribution system, and to determine the air leakage reduction for individual retrofit measures applied incrementally on to an
existing air distribution system.

6. Apparatus

6.1 The following description of apparatus is general in nature. Any arrangement of equipment using the same principles and
capable of performing the test procedure within the allowable tolerances is permitted. Those items required for Test Method A are
labeled (A only), those for Test Method B are labeled (B only), and those for both test methods are labeled (A and B). Most of

| the components are illustrated-r-Figs—-and 2. Fig. 1.

6.2 Major Components

6.2.1 Air-Moving EquipmentA and B)—A fan, blower, or blower door assembly that is capable of moving air into and out of
the conditioned space at the flow rates required to create the full range of test pressure differences{20 (up to 60 25 Pa). The systen
shall provide constant air flow at each incremental pressure difference at fixed pressure for the period required to obtain readings
of air flow rate. The air moving equipment shall be able to accomplish both pressurization and depressurization of the conditioned
space and distribution system.

I 6.2.2 Air Flow-Regulating SysterfA and B)—A device, such as a damper, or variable speed motor control, that will regulate
and maintain air flow through the air movrng equrpment (6. 2 1) and pressure drfference across the Ieaks Wrthrn specific limits.

red-using-a—standardized flow
Rge-and-entering-flow profile
for-sh icitly reported.
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6:24-Air Flow Measuring DevicgA only)—A device to measure-air-flow-threugh-the-aimoving-equipment{(6-21)-within
=+3-% airflow with an accuracy of-5 % of the-true-value. measured flow. The-calibration-of-thisair-floew-measurement airflow

measuring system shal-fellow be calibrated in accordance with Test Method E 1258 or ASME MFC-3M, whichever is applicable.
The-size temperature dependence and range ef-the-airmeving-eguipment calibration-shalHbe matched explicitly reported.

6.2.4 Duct Flow Measurement Devig¢8 only)—A device to measure airflow with an accuracy*dd % of the measured flow.
The airflow measuring system-se-thatthelinear-flow-veloeity-falls-within the shall be calibrated in accordance with Test Method
E 1258 or ASME MFC-3M, whichever is applicable. The temperature dependence and rarge-of-measturementofthe-airflow mete
calibration shall be explicitly reported.

6.2.5 Pressure-Measuring Device and B)—A manometer or pressure indicator to measure pressure differences with an
accuracy of£0.25 Pa {0.0021 in. H,0) or =1 % of measured pressure, whichever is greater.

6. 2 6 Duct Pressure Measunng Prot(ét—and—Er) (B onIy)—A probe to measure the static pressure within a duct under flow

A y ficient). conditions.
6. 2 7 A|r Temperature Measunng Devrc(é\ and B)—To glve an accuracy ofo 5° C (1°F)

5rph).

6—2—9—S|multaneous Pressure and Flow Measurement Sy@ematy—suggested—for and B)—A system that provrdes for
essentially simultaneous measurement of building envelope and distribution-system pressures, as well as building envelope al
distribution-system flows. Three alternative systems are: a computerized data acquisition system, a multi-channel sample and hc
system, and an interleaved multi-point sampling technique (that is, sequential recording of the pressures and flow signals averag
over at Ieast three sets of S|gnal series samples)

7. Hazards

7.1 Glass should not break at the pressure differences normally applied to the building, however, protective eye wear shall b
provided to personnel.

7.2 When conducted in the field, safety equipment required for general field work shall be supplied, such as safety shoes, hai
hats;—ete.

7-3—As and so forth.

7.3 Because air-moving equipment is involved in this test, a proper guard or cage to house the fan or blower and to preven
accidental access to any moving parts of the equipment must be provided.

7.4 Hearing protection shall be provided for personnel who work close to noises such as those generated by moving air.
7.5 When the blower or fan is operating, a large volume of air is being forced into or-eut of a the building, the air-distribution
system, or both. Plants, pets, occupants, or internal furnishings shall not be damaged due to the influx of cold or warm air. Simila
precautions shall be exercised with respect to sucking debris or exhaust gases from fireplaces and flues into the interior of tt

building.

8. Procedure

8.1 General—The basic procedure involves pressurization and depressurization of air distribution systems and buildings with
concurrent flow and pressure measurements to determine the air leakage of the distribution system. It also includes measurem
of distribution-system pressures ane-recireatating fan flows during nermal-distribution-fan-eperation. system operation. The ait
handler fan speed and heating or cooling function must be the same for all steps of the test procedure.

8.1.1 Test Method A (Flow Difference) for Air Leakage Determinatiorhis technique is based upen-cemparisens of changing
the-airteakageratesfrom-threefan-pressurizationtests—with-the entire flow through distribution-system-in-geed-eemmunicatior
with leaks by operating the-btitding,~with air handler fan and simultaneously pressurizing (and depressurizing)-the+eturn side o
the-distribution-system-seated-from-the building envelope-and-the-supply-side-{(at-the-fan)and-with-the entire distribution systen
sealed-from-the-building-{see-g—1). system.

8.1.2 Test Method B (Fan Pressurization) for Air Leakage Determlnatrdrtnls technlque is based upen—twe—fan—pfeesun-zatlon
tests—utﬂtz-rng—dﬁeet—measurement seallnq the remst g #
the distribution system and e b i A s Gt
Bethtests-are-conducted-with Qressur zrng—the—supﬁty—ade—sealed from system to measufe—the—return srde flow out through the lea
at the-fan{seeHg-—2). imposed pressure difference. With the house pressurized to the same pressure, this test isolates the le
that are to outside only. Measurements of system operating pressures allow the leakage flow at the fixed test pressure to |
converted to the leakage flow at operating conditions (pressures).

8.1.3 Choice of Test MethedIn general, Test Method-A-is-subjectte-higherflow-measurement-uneertainties;and-TFest Method
Bﬂs—subjeet—te—hrgheepresswe—measufemeﬂt—bmeeﬁ&mﬂes—?he Iarqer WI|| have Iower operatrnq condition air leakage flow

uncertainties for leaky systems than Test Meth NS ompared B, due tc
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istribution
uncertarntles in Test Method B When convertlnq to operatlng system—passes—threugh—a—an@e—reglster in pressures Test Method B,
W i i y-pressure drop
aeress—mtemakdrstabt&ren—systeﬁﬁesﬁt&nees—'Fest—Meﬂaed—A shall B wH-I—be used preferred—feHeakrethstHbutren—systems (that
is;_houses that have very leaky envelopes, where-the-flow-throtugh-the-external-distribution-systemleakage-is-greater than 15 to

29%—ef—the—buﬂd+ngMge_ in envelope—ﬂe ), pressures—and—dtsfnbtﬁensystem&ﬂaa&hm%&gnmeanﬁmemal—resnstance (that
y -shall be flews—tsed-fermore airtight

-whereas in Test-Methed-B does not.
specified A wil-resultin-8-24.1-8.2.4.9,

qreater uncertalntles eﬁﬂaat—speemed—rn—'Fest—Methed—E 779.

%Hw%aw—Mea&wemen%ﬂtary—measuremeﬁs—are—als&requlred if testrng—te—mterpret—the—an’—feakage—measurements

ement of the
fferentials across

Wrth—enfy—the—dﬁtnleuﬂen-system—fan—rn—eperaﬂon a specrfled Iow Ieakaqe value
8.2 Procedure for Test Method A

8.2.1 Envrronmental MeasurememntsAt the begrnnrng and the end of eaeh—fan—pressuﬁ-zatron test, measure—the—wrnd speed

speeds—ef—e—te—z—n#s—ée—te—A—mph)—and—an—eut&de temperatufe—between—s—and%—e(élrl—to 95°F) |ndoor temperature.
8.2.2 Au*thary—MeasurementsBurldlnq Preparatnon

m—tvhreh—tla&t—duet—seetren—rs—feeated—GMLWOpen all mterconnectlng doors in the condltroned space (except for closet

doors, which shall be closed) so that a uniform pressure will be maintained within the conditioned space to within 10 % of the

measured inside/outside pressure difference. Verify this condition by performing differential pressure measurements between
several rooms at the highest test pressure. Fireplace and other operable dampers shall be closed. If the air handling unit is locatet
in a closet, the closet door shall be closed during-testing-—Turn-enthe-distribution-systemfan,-measure-each-ef the-specified pressure
differentials-and-thenturn-off the-distribution-system-fan. testing.

8.2.2.2 Reeireutating-How—nstal-a-duct-air-flow-measuring-device onDistribution System—HVAC-balancing dampers and
registers, in general, shall not be adjusted. However, for multiple zoned systems;the—return-air+register{in the case position of
mufﬁp+e—retbma—reg1stefs—repeat—thrs zonal dampers should be frxed—feeeaeh—regﬁtee—Turn—en—Hae—dﬁtnbuﬂen-system fan and

- In the case
duratron of—mufﬂpte—retum—regtsters volumetri i T ) - !
Several tests may be—measured—and—any—ehange—m—velocrty performed Wlth zone dampers—faeed—at—the—etheeretum—reglsters due

to-the-installation different settings, but at least one ofthe-ductair-flow-measuring-device-shall-be-recorded. tests should have all

zone control dampers in the fully open position.

8.2.3 Bqumg—F’feparaﬂenTest Method A Flow Drfference Measurements

m&rn’carned—mﬂﬂ%n—the—eendmeﬁed—space arr movrnq/flow requlatrnq/flow measurement assembfy—te—wrthm 10 %—ef—the—measured
ghout the building at
: Iosed If envelope—usmg—a—sfgmfreant—fractlon of the
i he windows wirdew or outside-door of that

basemem—se—as—te—pretﬁde—at—feaske%éﬁaa—ft—)—ef—epen—area openlng eal—eteso as tape openings-te-assure that avoid leakage
at these points.

8.2.3.2 Install the envelope pressure difference-between-the-basement and sensor. The-eutside-isHess-than 5 % of the pressul
difference-between-the-conditioned-space measurement location should be sheltered from wird-and-eutside. Follow sunshine. The
msrde pressure measurement Iocatlon should be as far away as pOSS|bIe frem—the—same—procedure if localized air flows induced by
i . Ii-the-airhandling unit is

ensure that

envelope pressures usethe—return—regtsters—are not outS|de pressure as the reference

8.2.3.3 With air moving fan opening blocked, air moving fan off ard-thatatdeast#5 % of air handler fan off measure pressure
difference across envelopaP ..,
8.2.3.4 With the y

pressurization-tests.

for the air handler fan
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824 FanPressurization-Measurements

824-1—-Cennect off, turn on the—arrﬁevmg#letﬁegulatmg%ﬂew—measurement—assembly to air movmq deV|ce and adjust the
buitding flow until there is 5 Pa (0.02 in. of water) enveleg i gs to avoid
teakage pressure difference, with the house-at-these-points.

8242 a-damperisused-te-econtrol higher pressure than outside (for pressurization testing). Record the envelope pressu
difference AP ..) and flow (Qyg) through the air-moving-egtipmentit-shat-be-in-a-fully-closed-peosition device at this pressure
station. Only record pressure and flow readrnqs wheﬂ—t-he—begrnnrnq pressure readrnq is within 1.0 Pa (0.864-n—efatest. Turn o
water) of the-fan-erblowe : ereadings 5 Pa (0.02 in. of water
operating point. It is recommended that multlple pressure and flow readlnqs are recorded at esach operating point and averag
for use ind the calculation procedure. TAR, ., offset pressure-differenees.

8-24-3-When-ablower-door-assembly shall be added to all target pressures. For exafile, is-tseed;+record 2 Pa, then
the+aw-data-eutputs—from first target pressure for pressurization is 7 Pa and -3 Pa for depressurizatier-Al-the-air-flew-measurin
air-moving device-ang-use-curve-fits-obtained-with-Test-Method-E-1258-to-determine-flows—from-thatraw-data—{fer-example,
revolutions-per-minute-er-pressure-differentialsr—er-both).

8244The+ange are positive out of the-induced-pressure-differences across house and negative-i-inte-the building house

8.2.3.5 Repeat step 8.2.3.4, but with the envelepe-shal-befrom-10 to 60 pressure diffARpgencremented by 5 Pa+{6-04
to-0-24-in—H-O)in-inerements-of- 10-Pa(6-64-in8):

8-24-5-At each-building-envelope-pressure-differentialmeasure time untitthe-air-flowrate-in-cubic-metresperseeond (cubic
feet-per-second)-simultaneousty-with-the-building-envelope envelope pressure—readings and difference is 50 Pa\RAf,each
pressure station the-guct pressure-measuring-probereadings-using one difference must be within 1 Pa (0.004 in. of water) of tl
meastrementtechniques-deseribedin-6.2.9.

8-24-6-Since required operating point. Record-the-eapacity of envelope pressure difference with-the-air-handling-equipmen
handler fan off AP, for each pressure station. Because the tightness of the building, and the weather conditions affect leakage
measurements, the full range of the higher values may not be achievable. In such cases, substitute a partial range encompass
at least five data points, with the size of pressure increments suitably-adjusted.

8247 The-maximum-variationbetween adjusted. At each pressure statieredbaregpressure-differential-across air handler
fan on and off conditions must both have the-buildirg-envelope same target pressure.

8.2.3.6 Turn on the air handler fan and repeataheragemeasurements in 8.2.3.4 and 8.2.3.5, recordigge@dAP . at each
pressure-differential-across station.

8.2.3.7 Repeat8236 butwrth he enee i Re-therm effect, or both
Iy 2m/s house depressunzed—that—rs—fee&srngle po

d app 4y e reference.
8—2—4—8—When the—uneendmened—space frrst pornt ad|ust the flow thmughwhrehﬁe—&stnbt&ren—system—(eea—p&rt—thereof) passe

air-moving device until there is-at a -5 Pa envelope pressure-differential-relative-to-outside-thatis-notatleast 80 % of difference
with the-indeer-eutdeor house at a lower pressure—dr#erentlal, than outsrde
8 2.3. 8 Repeat 8.2.3.7, but wrth

S%HA—HHseaI—aH—Fe&wn—and—Strppberegrstefs—and—reptaee—the retura—air filter. handler fan off.
8.3 Procedure for Test Method B

8.3.1 Envrronmental MeasurementsAt the beglnnlng and the end of each fan pressunzatlon test, measure—the—wmd speed

speeds—ef—e—te—z—ﬁ#s—(e—te—A—mph)—and—an—etHS|de temperature—between—S—and—?;S—&éA—l—to 95°F). |nd00r temperature.
8.3.2 Auaehary—MeasurementsBurldrnq Preparatuon

+H—wh+eh—that—duet—seetiems—leeated—epenEnvelope—Open all |nterconnectlng doors in the condltloned space (except for close
doors, which shall be closed) so that a uniform pressure will be maintained within the conditioned space within a range of les:s

than 10 % of the measured inside/outside pressure difference. Verify this condition by performing differential pressure
measurements between several rooms at the highest pressure differential contemplated. Fireplace and other operable dampers ¢
be cIosed If the air handllng unit is Iocated |n a closet the cIoset door shall be closed—durmg—testmg—?um on the

i ystem fan. testing
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8.3.2.2 Reeireutating-How—Instalta-duct-air-flow-measuring-deviee onDistribution System—HVAC-balancing dampers shall
be in their fully open position during thereturn-airregister(in-the-case-of-multiplereturnregistersrepeat-thisfor-each register).
?um—eﬂ—ﬂee—dﬁ%nbtmen-sys{em fan pressunzatlon tests—and—meaeu*ﬁhe#len#ﬁe—u%&b&c—meﬂes—peeseeend—(eublc feet per

into each

feg15~‘cef—and thewm&rw&ual—rndeeearr—tempefafures onqmal posmons shaH—be—measured—and—any chanqe recorded. Registers, in
ing device general, shall-retbe recorded.

ad|usted
8 3.3 Bqumg—PfepaFaﬂenTest Method B Fan Pressunzatlon of Dlstnbutlon System and BU|Id|ng

8 3 3 1 The svstem operatmq pressures shaH—be—elesed)—se—fhat—a—unlform measured by using the half plenum-pressure w
technique. For the system operating pressure tests, all registers shalt-be-maintaired within unsealed and there shall be no blocking
between the-eenditioned-spacete-within supply and return. Turn on the air handler fan, and M@asbseinserting a static
pressure probe into the supply plenum, with the tip facing into the airflow. Keep the probe elear-efHess-than 10-% of the m direct
asuir handler fan discharge in the supply plenum, or any point in the plenum where excessive turbulence may be found. Should
a ne/gative reading be found in the supply plenum, select another measurement location, preferably further away from the air
handler fan. The pressure-difference—Verify-this-condition readings shall be averaged for five seconds. Measyselected
differential inserting a static pressure-measturements-throughout probe inte-the-building at return plenum, with the tip facing into
the airflow. Keep the probe clear of the air handler fan inlet, or any point in the plenum where a venturi or excessive turbulence
may be found. Should a positive reading be found in the return plenum, select another measurement location, preferably further
away from the air handler fan. The pressure-differential-contemplated—Fireplace-and-other-oeperable dampers readings shall be
averaged for five seconds.

8.3.3.2 Install the envelope pressure difference sensor. | The outside pressure measurement location should be sheltered fron
wind and sunshine. The inside pressure measurement location should be as far away as possible from the localized air flows
induced by the air moving apparatus.

8.3.3.3 Connect the envelope air moving/flow-regulating/flow_measurement assembly to the building envelope using a
sighificant-fraction window or door opening.

8.3.3.4 Separate the supply and return sections efthe-distribution duct system-being-measured-passes through by inserting at
unconditioned-basement-epen air-tight blockage. If filters are installed nearthe-windows entrance to the equipment-or-outside door
the exit of the air handler cabinet, then install the blockage in the filter slot (after removing the filter). Alternatively, a blockage
may be installed within the air handler cabinet.

8.3.3.5 Select two supply locations (one for the duct pressurization device and one for the static pressure probe) and two return
locations (unless there is only a single return for the system under test). These locations should be seleetedte-provide at least 0.2
m>3-3-f2) have the lowest possible resistance to the supply and return plenums, respectively.

8.3.3.6 Attach the duct flow measuring and air moving equipment to the supply side-ef-epen area, the duct system at the register
selected in 8.3.3.5 or at the air handler access panel if the blockage is on the return side of the air handler fan. Install a duct pressure
probe at a supply register selected in 8.3.3.5 (other than that to which the fan/flowmeter is connected) or the supply plenum. Ensure
that all other supply registers are sealed and at least one return register is open.

8.3.3.7 Adjust the envelope air-moving fan to provide 25 Pa [0.1 in. of water] pressure difference between-the-basement building
and-eutside-isHess-than-5% of outside. Adjust the duct flow measuring and air moving equipment to maintain zero pressure
difference (0.5 Pa [£0.002 in. water]) between supply ducts and-the-cenditioned-space building;—and-outside. If adjust the
envelope air moving device to maintain 25 Pa5(Pa) [0.1 in. water£0.02 in. water)] between the building and outside. This
step may require several iterations. Record the flow through the duct flow measuring dexicEl$) J)—this isHecated-in-a

eleset the—eteset—deer—shaH—be—eleseﬂ—dﬂHng—testlng
) -HVAC-balareira-dampers-shall-be-inthe-fulv-epenrbo i ring supply leakage flow at 25

Pa [0 1 in. water] Also record the—fan—pfessun-zaﬁen—tests envelope pres&{g P

8.3.3.8 Record the pressure differena®, ., between the buffer zone and-their-original-pesitions-shall-be-recorded—Remove
the—return-air-filterfor outside. If the-fanpressurization-tests—Registers, supply ducts-are-tr-general, more than one buffer zone,
AP, . shallnetbe-adjusted—Seal equal the average pressure in the buffer spaces containing supply ducts\Rverage

8.3.3.9 Attach the duct flow measuring and air moving equipment to the retura-side from of the duct system at the air handler
access panel if the blockage is on the supply side of the air handler fan, orat the d register selected in 8.3.3.5. Install a static
pressure probe in a return register selected ion- 8.3.3.5-Thisy return register shall not be the same as the register to which the duc
flow measurir—Sg and air moving equipment is attached unless there is only a single return register for the system. Ensure that
all other return registers-except-one-supply are sealed and at least-ere—+return—TFhe-unsealed-supply shall be register is open.

8.3.3.10 Adjust the-ene-with envelope air-moving fan until the pressure between the buildingh and outside is 25 Pa [0.1 in.

water]. Adjust the duct flowrate-during-rermateperation of measuring and air moving equipment to maintain zero ptéksSure (
Pa [+0.002 in. water]) between return ducts and-the-distributien-system building and the envelope air moving—fan (often to
maintain 25 Pa£5 Pa) [0.1 in. water£0.02 in. water)] between the building and outside. This step may require several iterations.
Record thae flow through the flowmeterfQJQ o ; ])—this iselesestto the-supply-plenum)—TFhe-unsealed retura-shall be leakage
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flow at 25 Pa [0.1 in. water]. Also record the-ene-with envelope pressyrg: P

8.3.3.11 Record the-highestflow-rate-during-normal-operation of pressure diffetdPice, between the-distribution-system
fan-{eften buffer zone and the outside. If the return ducts are in more thar-ene-thatis-elosest to buffAPzorshall equal the
average pressure in the buffer spaces containing returfplenum).

834FanPressurization ducts (averadedP,, J.

8.3.3.12 Unseal all return and supply registers, and replace the air filter (if removed).

8.4 Air Handler Fan Flow Measurements

tred-sin neously deteﬁﬁrned—by—usrng two duct blowing air throug|
preb R A -3-4-8 and 8.3.4.9 air moving equipme

at—t-hrs—pemt
8—3—4—3—Vary the san same flow—threugh rate as under normal operatrng condrtrons Normal operating conditions are determined b

induced -pressure—differences acro:

dlfference between the supply—ade of Qlenum and—the—dts%nbuﬂen—system—?he—range—ef—ﬂats—aver&ge induced conditioned spac
8.4.2 With the air handler fan on, measure the pressure drfferenee—ehaH—be—from 10 between supply plenum and condltlone

space AP,). The static pressure probe must be firmly attache
H:0)-

8:3-44-When ensure that it does not move during-the-fullrange-ofinduced-pressure-differences-cannot-be-achieved, substitu
apartiat-range-encompassing-atleast-five-data-points, with fan flow test.

8.4.3 Block the-size return duct from the return plenum upstream-of-pressure-inerements—suitably-adjusted.

8—3—4—5—At—eaeh—eup19ty—s+de—preeeure—d-r#erenﬂal—measure the—areﬂew—rate—t rough handler fan.

8.4.4 Attach the duet-air flow measurin usly with and ai

moving equipment to the du%pmswr&me&%mng—meb&madmgswaemmmea&wemenﬁeekmﬁues descri
h-6-2:9.

834 6-A-maximum-variation-of-pressure-differences-across air handler. Do not mount-the-two-different supply-duet sections
shaH—be—ne—mere—than—ze—%of flow measurlnq and air movrnq equment directly en—the—measured—a\femge—ef—these pressul
y a pressu

dr#erentral—remtatwe—te—eutade air handler cabrnet Ensure that therers not atdeast 80 % six feet of connectrnq duct between the

mdeer—eu%deeepressure—dt#efenﬁal duct arr movmq fan a d—the—urereeﬁelmeﬁed—zene—pfessure—ehal+be made conneetion to mel
: eported.

8—3—4—8—|—nstaH—a—duct the airflow-measuring-device handler cablnet
8 4.5 Turn on the—bmseated—re&rrn—re@ste%mstall air handler fan followed by the-duet-pressure flow meastrifig probes |n an

space matchesP (Pa [in. water]) as closely as possibleARr, cannot be reached recordthe—return—duet—furt—hestfrom maximum

flow and pressure attainable with thereturn-plenum—Reference test equipment.
8 4. 6 Record the—duet—preeeufe—pfebes to flow through—the—bmeendmened—zene—rn—u%eh—mat—duet—eee&ems located.
50 supply), flowmeter(r®/s

cfm|), and—8—3—4—7 -

S%He—unseal—aH—re&wn—and—Sbrppty—regts{ers—as—well as—ﬂae—dtstﬂbuﬂen-system fan.
it filter. coincident pressure difergnce

9. Calculation
9 1 Au*H+aryTest Method A: Flow leference Measurements

e different

9.1.1 Unless the airflow measuring system gives volumetric flows atthe three barometric pressure-differentials (across and th

plenum;-aeross temperatures of-the-rearsupply-duet—aned-across air flowing through-the-far-supply-duct)-divided by three.
912 The-local-flowrates—measured-n-step-8-2-22-6r-8:3-22_shall flowmeter during the test, then these readings must k

converted using information obtained from the manufacturer for the change in calibration with these parameters.
9.1.2 Convert the readings of the airflow measuring system (corrected as in 9.1.1, if necessary)to—eguivatent-flow rate:
volumetric air flows at-an—average—indoor-air the temperature—and-then—summed barometric pressure—{due—te—yield a tote
reuta T .
92 Fest-Method-A
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£ d he_condition elevation

hanges only) of the outS|de awpasaﬂg%feugh%emﬂepe—&w—&s%ﬂmme&lﬁh&eahbratlon for depressurization
tests or of the inside air-flow-measuring-device{erbloewer-door)-shalprovide for pressurization tests (see Annex Al). To convert
the—vemme—ﬂew alrflow rate-at through H%e—deﬁﬁl%y—e# the-airpassing flowmeter to air leakage rate threugh-the-deviee- Calculate
ion: envelope for depressurization, use

T
Qeax= Odnuirnﬁe (l)
Qo= Q(%l) 1)
| Fdevice
where:
Qear,, = the-flewrate-thretgh-theteaks; m indoor air density, Kigntft (Ib/ft*/s);), and
Tevicea, the—ﬂew—Fate—H%eugh—the—faH—p*essuF&&Heﬂ—de\ﬁee m outdoor air densﬂyﬁkg%(# (Ib/ft%—}

a to be the
J i O reonditioned

Teak S a Pa Sieis
. . . R _ ™

. . . y . i i y available.

e needed-te—convert, for

log plot to
.13 (see Fig

pressurization, use

Qleak - C\AP)" (2)
_ p_OU‘\ (9
QO Q( Pin / \=)

where:
€

Heveoeficient—{ried

9.1.3 SubtracAPrre(it3s (inH,0)),

flew-exporent{——and

differential from the measured envelope pressures at each pressure si&iQp (0 determine the corrected envelope pressuld.(

9.1.4 Determine the envelope leakage coefficient and pressure across expgnehy; fitting the-building-envelope{Pa{in.
H;0))

| 9242 Usetinearteastsguares air handler fan off pressure and flow data-to-determine the paower law function using the samet

A
AP

analysis as for house pressurization leakage testing in Test Methed Eq 2 779.

9.1.5 Adjust the flows to exactly match pressures. The measured flow with the system-effHis-aceomplished-by taking corrected
to thedegarithm-of-beth-sides-of flow at the-eguation, same pressure as when-theresulting-eguation being: system is on at each

pressure station, using Eq 3.

e o 1 AD
Mgk — Mo ()

(2)
V)

AP\ Menv
Qoff corrected — Qoff Ap

9.2.4.3 Determine

9.1.6 Calculate the flow-exponeimttirectly, difference £Q) at each pressure station by subtracting om Q.. For flow
differences during pressurization, usgz@rom 8.2.3.6 and-determine-the,Qfrom 8.2.3.4 and 8.2.3.5. For flow-coefficier@;
differences during depressurization data, ugg ftom-the-inverse-togarithm-of-the-interceptof-Eg-3—Calculate 8.2.3.8-and-report
the—coefficient Q,, from 8.2.3.7.

9.1.7 Do a least squares fit-of-corretation-squared;dR-wel-as the-standard-error AP andAQ pairs from each-of-the
parameters.

9244 Caleulate-theeffective pressure station to Eq 4 to determine supply leakage-area-in-square-metres{sdydrerfeet),
the (Q) and return leakage-coefficier@the-exponentateference-pressutP (Q,), and the characteristic pressuresRg and
AP)). Note that some of the-air-densipyat pressure ratios (and-t the-temperature-and pressure of ratios) will be negative. In

10
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these cases take the-flowthrough absolute value te-theteaks-asfollows: power 0.6 in Eq 3 and carry the sign outside the expone
term.

= C( A r)(h—l/Z) H”12’1/2’1_\\ (4)

AQP) = 4

Pais mc
a number |
akage flow i
ive leakag
isters sec
ity of the a

ety 3 - aled) and tf
O c-thi izati : fsish ikely-eause is leaka

9.1.8 Plot the-duct flow difference and-its-surrounding—zene-during envelope pressures. An example plot is ¢
9.2 Test Method B: Fan Pressurization Measurements
9.2.1 Unless the-seated-ducttest airflow measuring system gives volumetric flows-atthe-maximum-pressure-differential relative
to-eutsidePa(in—B);
APpiang = maximum-pressure-differential-between-the-building-and-eutside; Pa4@)- H
9-2-4-6-Determine the-effectiveleakage-area temperatures-efthereturagided air flowing through thereturnteakage-flow
at-25-PaQsmsfrom flowmeter during the-effective-teakage-areas—and-25-Pa flows test, then these readings must be converte
using information obtained-by-Eg2-and-Eq 4 from-theresults of manufacturer for the f change in calibration with these parameters
9.2.2 The 25 Pa[0.1 in. water] duct leakage flows,(Q and-seeene-fan-pressutizationtests; 8:2.4.9 (0, , sand-8:2411,
by-means-of Q, ]) shall be converted to leakage flows at operating conditions using the follewing-egtuation-{(intwtachbe

replaced-byQss)-equations.
For Sl

AP, 06

QS B QZS,S( Z(Ptpct s Mhp Q)) (5)
_ (Lfirst — Lsecona
b T :

AP duc(secong( AN = ) (6)
AP" 00 6\
Q= Q25'r<2(Ptesu — Pb,r)) )

where:
J—

first

Izsecond

duct(second) b€ measuring

A building(second) = M

where:
| APqs = pressure-differential-between
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(Lirst = L thira)
L = n_ I_ 7
P ( 1 ( APygycthird) ot ™
\ ouramg (Iﬂlrﬂ)/
Q.=0Q < APs >0‘6 (7)
s 0.L,s Z(Ptestsf Pb,s) v
where:

I:first =
g =
duct(third) =
APrrgmgmry =

L
C= o nim oip, ®)
ary) przy— A~
AP, 0.6
Q= Qo.1,|r<2(|:>testr — Pb, r)) 8
where:
£ =
A =
A—PF =
p = af , R
A = uniteonversionfactor{1(0-06775)).
9.3 Fest-Method-BAir Handler Fan Flaw

934 Coenvertall

9.3.1 Unless the-measured-air-flow-rates-to-cubie-metres—per-second-{cubicfeet-per second) airflow measuring system gives

volumetrlc flows at the—ee*rdﬁe&ef—the—awpaeang—th*e&gh—the—ewelope pressure-and-distribution-system-leaks—The-calibration
he-density temperatures-ef-the-air passing flowing

through the—devree—ealeukate flowmeter durlng—me—veltrme—ﬂevv—thfeﬂgh—the leaks test, then these readings must be converted using
information obtained from the manufacturer for the change in calibration with these parameters.

9.3.2 The measured flow and ceingcidegnt plenum pressures are used to determine the distribution-system flow at operating
conditions using Eq 9:

ai temperature
h-which the ducts

vert, for

chistributi ystem pressure
i 5 o complete
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AP (Q)
Qe = Qmea AP, )

i

I AP NN=1/2)/ jn 1/21\ [19\
=@y NS \t2)

Pais mc
a number |
akage flow i
ation: v akage are
i tens for bot

10. Report

10.1 Report at least the following information:
10.1.1 Building Description
10.1.1.1 Location and Constructian
(@)(1) (a)-PateDate built (estimate if unknown),
B)(2) (byHoor-area-of conditioned-spaceattie-basement, Street address (including city, state/province/ceunty-ane-crawlspact

country),
{©)(3) fe)-velumeFloor area of conditioned space, attic, basement, and crawlspace,

(4) Volume of conditioned space, attic, basement, and crawlspace, and
(5) Elevation above sea level.
10.1.1.2 Condition of Openings in Exterior Shell
@) (1) tey-boesersDoors (including storm doors),
B)(2) by-WindewsWindows (including storm windows), latched or unlatched,
{€)(3) {e)—ventilation\Ventilation openings, dampers closed or open,

e (4) (dy—-Chimneys,Chimneys, dampers closed or open, and
©)(5) te)—CeonditionCondition of openings during test (for example, broken windows, HVAC-louver settirgs, etc.).

163343 and so forth).
10.2 HVAC System
@) (a)Furnace/Aw condltloner/Heat pump type and capacny,

0)(2)

wer), Status of heating or cooling equipment during

testing, and

distributionDistribution system

APrpen APremear APremar m APsuppen A Psuprear a6 AP s (from-9-12)-and

{ex{e)Distribution-system location (supplies, returns, plenums, and air-handling unit).

1632 Pressurization
10.3 Leakage Measurements

10-£23.1 Technique employed (that is, Test Method A or Test Method B),

104:23.2 Equipment used,

10:4:23.3 Calibration of air flowmeter, and

1043:2.4 Measurement results. A tabular listing of all air leakage data (including time, flows, and all pressures); plot(s) of

13
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change in flow with changing envelope pressure difference (for test Method A only); and a list of conversion factors used in 9.1.2
(For test Method A only).

10434 WAIr Leathkager Resultts

10.4.1 Test Method A: Flow Difference

10.4.1.1 Supply and-al-pressures).
16:-1-4-2Plets-ef-air return distribution-system leakage flows.
10.4.1. 2 Flow difference and envelope pressure-plota (see-Fig. 3).
ts 2).
10 4 2 Test Method B: Fan Pressurization
10-1-5-3-Supply-side
10.4.2.1 Supply anereturn-side return distribution-system leakage-flow-coefficients flows at 25 Pa.
10.4.2.2 Supply and—e*peﬁents—feebefh—pfessur&atlon return dlstrrbutron system operatlnq pressures
10.4.2.3 Sugglya dep

g w-eoefficients
g with 9.2.4.5).

4:9+5—2—Su1ep4y—s+de—and—re&rrn—s+de—d+stnbuﬂen-system return dlstrlbutlon system Ieakage ﬂews—at—Z—S—Pa—based upon
determinedHeakage-coefficients operating conditions.

10.4.3 Air Handler Fan Flow

10.4.3.1 Measured system operating pressure difference between supply plerum-and-exponents{in-accordance-with 9.2.4.6
924761 9344 tH-extrapelations-outside of conditioned space.

10.4.3.2 Measured flow required to match this pressure, OR-the-measurementrange-are-made—include—an—estimate of the
e*Hapﬂatreﬁ—errePFeHeet—Methed—A—alse—repert the maxrmum flews-at25-Pa-from-each-fan-pressurizationtest{in-accordance

5 8 ion, as well as pressure
achleved durlngt e-av i With-0-2-4-E 344)Fe i areas from
each test.

10.4.3.3 Calculated air handler fan-pressurization-test{in-accordance-with-9.2.4.4).
10.1.5.4 Correlation coefiicient squared, Bnd standard error or flow coefficient and exponent for each fit to Eq 3 or £q 8 for
both-pressurization-and-depressurization.

1046 if pressure matching not achieved. If pressure match is not achieved, this must be clearly stated in the report.
10.5 Test Identification

10:4:65.1 Date the test was performed.

10:4:65.2 Name and address of organization performing the test.

10:4:65.3 Name(s) of individual(s) performing the test.

11. Precision and Bias

11.1 Precision—Atpresent,-the—The precision and bias of these test methods is largely dependent on the instrumentation and
apparatus used, and on the ambient conditions under which the data are taken. For both test methods, the precision will be worse
for Iarqer houses/duct systems and for tests conducted at hlqher Wlnd speeds For Test Method A, the-preeision-is-based principally
drization has been estlmated from field test

§ Id produce
e#eetwe—te&kage—&rea resutfs—that—are—repea%&He—w&Hn—Z—te—QJ%—As—an—examg e, whefe—the—measurement systems were teste
several times. The results—ef—suppty—ade—er—re%um-ade—leak&qe area these tests mdte&te—that—repfesents %e%ef—the—everall leakag

Jihe—uneeftarnty—fer 0. 0047 1°’fs (2 to 10 Cfm) For Test Met hed—BﬂﬁHngeneFane—eenaderaHy—leweHhaHhaHeﬁes%Method

A-hewever-careful-attention-needs-to-be-paid to B;-thepressure-renunifermities in precision has been estimated from field test
results where the-duets;-as-suchnonunifermities-can-create-biased-results-Amore-complete systems were tested several times. Tt

results of these tests |nd|cate that the precrsreﬁ—and—bras—s%atemenﬁs—eurrenﬂy—bang—developed

tal care wher
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measurements errors are-taken-atlow-pressure-differences.
413~ 0.0024 to 0.0071 s (5 to 15 cfm).

ystem and
ﬂae—eeﬁdﬁreﬁed—spaee—FeFFes{—Mefhod For test method A—H&e—ﬂewthreughﬁese%&ksas—ele\fa%ed—mmeﬁﬁe—dﬁfﬂbuﬂon systel
is—sealed biases have been estimated i i ‘ between tl
drs%rrbu%rera—sys{em—aﬁd—tmeer&dﬁreﬁed—spaces fleld studles that compared test method Ieakaqe predictions to known measur

leakage values. The—eerreeﬂen—preeedtrre—euflmed—m—Q—z—*G helps tyglcal blas—rs—S—te—reduee—Hms—bras—Test—Me%hed—Eressentlall
assumes-thatall 10 % of the-flew ernal leal

B—paesmg—ﬂqreugh—the—duct measured Ieakage—ah’—ﬂew—measwemeﬂt—dewee—wmeh—rs—ﬁet—the—ease—wheﬁ there al

s actor for flow. Higher biases generally occur at highe
measured Ieakaqe values For Test Method—B—hewever—Hee—maqmtude bias has been estimated from field test data and analy
of the-un effect of operating pressures on calculated leakage. The typical-bias-is-muechless-than-that-associated-with-Test Meth
A—40 % of the measured leakage air flow.

12. Keywords
12.1 air distribution; air leakage; ducts; field method

ANNEX

(Mandatory Information)

Al. DEPENDENCE OF AIR DENSITY AND VISCOSITY ON TEMPERATURE AND BAROMETRIC PRESSURE (ELEVATION)

Al.1 Use Eg Al.l1 to calculate inside air density. Use Eq Al.2 to calculate outside air density. Use Eq A1.3 and Al.4 for
inch-pound units.

- ]< 0.0065 -E>5-2553( 203 )

Pin = 1.2043 1 — —5g3 T 1273 (ALD)
- ]( 0.0065 -E>5-2553 < 203 )

Pou = 1.2043 1~ —5g3 Tout 273 (AL2)

where:

E = elevation above sea level (m),
p = air density (kg/m), and

T = temperature (°C).

Note Al.1—The standard conditions used in calculations in this standard are 20°C (68°F) for temperature, 1.2840.@@5107 Ibm/ft3) for air
density, and mean sea level for elevation.

0.0035666 E\ 52553 528
Pin = o.o7517< 1- T) <m> (A1.3)
0.0035666 E\5.2553 528
Pout = 0. 07517( 1- T) (W> (A1.4)
where:
E = elevation above sea level, ft,
p = air density, lbom/ff, and
T = temperature, °F.
Al.2 The dynamic viscosity u, in Poise (gm/cm-s), at temperdfume °C, can be obtained from Eq Al1.5.
1.458x 107 ° (T + 273
- T7383 (ALS5)
Al1.3 For IP units, the dynamic viscosity W, in Ib/(ft-h), at temperafiuram °F, can be obtained from Eq Al.6:
2.629x 1073 (T + 460
- T 7659 (AL6)

15
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ulf

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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