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—~yl’
INTERNATIONAL
Standard Methods for
Gas Flow Resistance Testing of Filtration Media *!
This standard is issued under the fixed designation F 778; 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 E 105 Practice for Probability Sampling of Materfals
1.1 The flow resistance of any fabricated filter device will E 122 Practice for Calculating Sample Size to Estimate,
depend on the flow resistance of the media used. with a Specified Tolerable Error, the Average for a Char-

1.2 This standard offers procedures sufficient to determine _acteristic of a Lot or Proce$s
the gas flow characteristics of flat specimens of media used in 2:2 ASME Document:
the filtration process. The methods are extended to include ‘Fluid Meters,” Sixth Edition, 1971
pleated specimens and bulk media as well. 3

1.3 In all cases, flow rates through the specimen are L . )
determined in accordance with procedures outlined in ASME 3.1 Definitions of Terms Specific to This Standard:

“Fluid Meters.” The test fluid is air. 3.1.1 air den5|ty,p_—mass per unit volume.

1.4 This standard may involve hazardous materials, opera- 3-1.2 air flow resistance, AP—pressure drop or pressure
tions, and equipment. This standard does not purport tdj|ffer_e_nt|allacross a test specimen of filter medium at a
address all of the safety problems associated with its use. It i§P€cified air face velocity or mass flow rate. ,
the responsibility of the user of this standard to establish 3-1.3 constituted bulk mediathose types of filter media

appropriate safety and health practices and determine thdormed from bonded aggregates or discretg solid materials.
applicability of regulatory limitations prior to use. 3.1.4 edge leakage-air flow that passes into or bypasses
the test specimen in geometric planes other than those intended

. Terminology

2. Referenced Documents for resistance measurement.
2.1 ASTM Standards: 3.1.5 face area, A— cross-sectional area perpendicular to
D 461 Test Methods for Testing Felt air flow at the specimen test boundary.

D 585 Practice for Sampling and Accepting a Single Lot of  Nore 1—1f specimen inlet and exit face areas are different, “Inlet” or
Paper, Paperboard, Fiberboard, and Related Prbduct  “Exit’ shall be used to describe the face area in question.

D 645 Test for Thickness of Paper and Paperbbard 3.1.6 face velocity, V— volumetric flow rate per unit face
D 685 Method for Conditioning Paper and Paper Products, o4
for Testing '

D 737 Test Method for Air Permeability of Textile EFabrcs Note 2—If specimen inlet and exit face areas are different, “Inlet” or
D 1776 Practice for Conditioning Textiles For Tesﬂng “Exit” shall be used to describe the face velocity in question.
D 1777 Method for Measuring Thickness of Textile Mate- 3.1.7 mass rate of flow, m-mass transport of air per unit

rials? time through the test specimen.

D 2905 Practice for Statements on Number of Specimens 3.1.8 medium area, A—total area of filtration media ex-
for Textiles posed to air flow.

D 3574 Test Methods for Flexible Cellular Materials—Slab,

Note 3—Medium area may be greater than face area due to pleating,
Bonded, and Molded Urethane Foams folding, etc. yRe s P ¢

3.1.9 medium velocity, ¥—volumetric flow rate per unit

1These methods are under the jurisdiction of ASTM Committee D22 onMedium area.
Sampling and Analysis of Atmospheres and are the direct responsibility of 3.1.10 normalized resistance;AP—product of sigma and
Subcommittee D22.90 on Executive. i i
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3.1.11 sigma,oc—ratio of air density existing at test condi- illustrate media type or to meet product specification and can
tions to standard air density. Density at standard conditions ibe used by the consumer as a criterion for media selection.

taken to be 0.075 IbAt(1.201 kg/r). 5.3 These methods may also be used for acceptance testing.
3.1.12 unconstituted bulk mediathose types of filter me- 5.4 For purposes of quality control, meeting product speci-
dia formed from unbonded aggregates or discrete solid matdication, or acceptance testing, a single-point flow regime on
rials. multiple samples is adequate. However, for design, develop-
3.1.13 volumetric rate of flow, @-air volume transport per ment, and research, a multiple-point flow regime may be
unit time through the test specimen. necessary.

4. Summary of Methods 6. General Requirements
4.1 The testing outlined in this standard consists of measur- ¢ 1 |nstrument Accuracy

ing air-flow resistance (pressure drop) across a specimen 0f g 3 1 The procedures of these methods require measurement
known geometry at one or more air-flow rates. Alternatively, ¢ hressure drop and either volumetric or mass flow rate.
the flow rate may be measured at one or more values of g 1 5 pressure drop is a direct measurement. Unless stated
air-flow resistance across the specimen. In either case, te§fherwise in the data report, instrumentation such as manom-
results are reported as single or multiple data point orderediars shall be selected so as to measure pressure withirb

pairs of (resistance, face velocity). _ of the indicated value. Instruments shall be checked against a
4.2 For many specimens, the air-flow resistance at flow rategceaple standard.

of interest is of sufficient magnitude that changes in air density g 1 3 Flow rate is generally a derived quantity obtained

across the specimen may not be ignored, or the airflow,m computations involving a differential pressure type ele-
resistance is not linear with face velocity. In these caseSyent and flowmeter air density. In other cases, flow rate may

ordered pairs of (normalized resistance, mass flow) are rys ghtained from some kind of direct-reading instrument such
ported rather than ordered pairs of (resistance, face velocity),q 4 turbine-type flow meter. Whether read directly or com-

4.3 To provide for quality control application, statistical uted, flow rate shall be determined to withirB %, unless

procedures are outlined to guide in the selection of a multiplgaieqd otherwise in the data report. This value shall be checked
number of specimens. _ , , using a flow prover with traceable accuracy.
4.4 Two test methods involving substantially different test g 5 Tast Apparatus EnvironmenriEffects of environmental
techniques are presented. _ _ conditions on the test air viscosity need to be examined to
4.4.1 Method A—A general method applicable to all filtra- oqyre duplication of test results.

tion media and forms of media: flat, pleated, constituted, and g 5 1 Temperature-Air viscosity increases as temperature
unconstltu.ted bulk m_edla;.small cartrldge—_type specn.nens..Thﬁ]Creases at a rate which, at 20°C, is approximately 0.15 %/°C.
test technique consists simply of mounting a specimen in &ea50nal changes could reflect a temperature differential of

holder and applying 6?" .ﬂOW' i i 30°C and result in the apparent flow resistance error of 4.5 %.
4.4.2 Method B—A limited method applying particularly to Temperature control must be provided.

nondestructive testing of sheets of material that either edge g 5 5 pressure—The American Institute of Physics Hand-
leak or substantially deform when using the simple Cl_amp'n%ook, 2nd Edition, gives the pressure increment of air viscosity
approaches of Method A. The technique for Method B is based; >0oc and 1 atm as 0.1224 up or a possible 0.67 % error per
on the “guarded cylinder” principle and requires a Conce”tricatmosphere. No precaution is necessary.

cylinder specimen holder, plus provision for two individually g 5 3 Humidity—The ASHRAE Handbook of Fundamentals
adjustable air flows (See Section 15 and Fig. 1.) In th&, the chapter on Psychrometrics reveals that even for the
implementation of Method B, a parallel, evenly distributed airgreme case of saturated air at L00°F there is not a significant
flow is perpendicularly directed through a specimen subdivide iscosity difference from that of dry air. No precaution is
into concentric guard and measuring area sections. The tw,

) Recessary. However, humidity control is required in specimen
areas have separate downstream air chambers. To obtain feparation. See Section 10.
(resistance, face velocity) data point, the appropriate volumeg
ric flow rate is established through the measuring area. The Sampling
guard area volumetric flow rate is then established so that the . .
differential pressure between guard and measuring area cham-/-1 The sample to be tested as a flat media, pleated media,

bers is zero on the downstream side of the specimen. Pressute b,UIk media should be °.b_tam.ed under the guidancg of the
drop is then read for flow through the specimen measurin articular standard or specification covering the generic mate-

area. Guard area flow rate need not be determined. ial or as agreed upon between the purchaser and seller.

5. Significance and Use 8. Number of Specimens

5.1 The air-flow resistance (pressure drop) of a filter is an 8.1 Practice D 2905 covers six recommendations for deter-
important parameter that can assist in characterizing theining the number of specimens necessary to elucidate the
physical make-up as well as the utility of a filter. average quality of a material under various conditions. The

5.2 Therefore, flow characteristics of clean filter media carchoice of the six recommendations to be used in a specific
be used for quality control, product development, and basienethod will depend on the purpose of the test and the available
research. It may be used by the producer of filter media tanformation.
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FIG. 1 System for Measuring Air-flow Resistance of Specimens with Moderate Pressure Drops

8.2 The recommendations in Practice D 2905 describe two, coefficient of variation of individual observations ex-
conditions: pressed as percent of the average,

8.2.1 The procedure to follow when the user has a reliablev = 100§ X, and
estimate of the variability of the method in his own laboratory; X = average of all the observations for a specific material
and, t a constant depending upon the desired probability level

8.2.2 When the user does not have a reliable estimate of the and equal to Studentisfor infinite degrees of freedom,

A - for example:
variability of the method in his own laboratory. P
. . Lo Probability Level, % One-sided Limits Two-Sided Limits
8.3 If the laboratory has a reliable estimate of variation t t2 ¢ t2
expressed either as a standard deviation or as a coefficient of gg iéig ;-ggg iggg g-ggg
variation, then the number of specimens could be determined 9 5306 5 410 576 6.636

by the following equations:

n=(t?xs%/E E = the allowable variation of the test results expressed in
n=(t2xv?JA2 the same units as and
A = the allowable variation of the test results expressed as
where: ) . a percent of the average.
n = number of test specimens required, rounded to the next g 4 cyiterion for the selection of the appropriate procedure
higher whole number, hinges on: {) choosing betweers or v as the measure of

s = standard deviation of individual observations expressedv

; . : ariability; (2) choosing a one-sided or two-sided limit for the
in the appropriate units,

property being measured; and3) (if no variation data are
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available, arbitrarily decide on the number of specimens 11.1.2 Flat Media—For flat filtration media in particular, it
dictated by the type and character of the material. For morés desirable to use simple clamping techniques such as sug-
details, refer to Section 5 of Practice D 2905. gested in Annex Al instead of more elaborate specimen
L : preparation. Absence of edge leakage or clamping deformation
9. Conditioning of Test Specimens effects for simple clamping or both, shall be demonstrated for
9.1 Because many of the materials used in filter mediaachnewcombination of material and clamping method used.
undergo physical changes with changes in temperature angh do this, the new combination of material and simple
moisture, it is usually desirable to expose the test specimen @lamping method shall be tested:; then the same specimen shall
a standard conditioned atmosphere for a periOd of time befOfBe retested with edge Sea"ng and spacer bar of equiva|ent
testing is initiated. thickness to the test specimen. No change in resistance shall be
9.2 Those materials which are considered to be textiles opgted.
textile-like (woven, knitted, or nonwoven fabrics; fiber batts or 11 1 3 pjeated SpecimensPositive end sealing of pleats is

mats; or coated fabrics) should be conditioned as specified Byqyired. Three suggested mounting schemes are delineated in
Practice D 1776. The standard atmosphere for this Practice isg,nex A2.

relative humidity of 65+ 2 % and a temperature of 24 1°C

. K N ) 11.1.4 Bulk Media—Air-fl i f bulk ia i
(70 = 2°F). When international testing is involved, a relative u edia—Air-flow resistance of bulk media is

- N materially affected by the packing method used. It is a
hun:]:dlty 0f 65 2% and a temperature of 28 2°C may be requirement that the packing procedure be fully documented in
used. any test of these materials (see Section 18).

9.3 Those materials which are considered to be paper or . ) . .
paper-like should be conditioned as specified by Method 11-2.|.Spec'metf‘ Arefa—SE)I;amm:an S|zefshalltbe_ (T'Ctateg bytthet
D 685. The standard atmosphere for this Practice is a relati ;e;ni'glré% grr:%lgi iﬁo(rsg 3e2 (c::r?‘gsfocr) pangiri,n;lns d ngzrrlikzs :
idi —+ 0, ° —+ " b "
humidity of 50+ 2 % and a temperature of 28 1°C (73.4= materials and 15.5 iA(100 cnf) for blanket-like materials. In

1.8°F). . ; X
894)The time duration required for conditioning should heNn0 case shall test specimen size for flat media be less than 5.94

2 ; .
that necessary for the test specimen to attain equilibrium with - (38.32 cnf). Spemmen; may b.e rectangular or roun_d,
the conditioning atmosphere. This is considered to havgpwever, rectangular specimens with I(_ength to width ratios
occurred when the change in the mass of the specimen ﬁjffferent by more than 2:1 are to be avoided.
successive weighings made at intervals of not less than 2 h, 11.3 Measurement of Pressure and Pressure Drop
does not exceed 0.2 % of the mass of the specimen. 11.3.1 Pressure tap location can materially affect test values

9.5 Attimes, it may be judged inappropriate to condition thefor some kinds of specimens. Pressure taps are required to be
specimen prior to testing. When conditioning is not used itflush with duct walls at a distance up and downstream sufficient

should be so reported in the results. See Section 18. to ensure localized flow irregularities caused by specimens and
) ) , specimen holders that have disappeared. Multiple taps in a
10. Dimensional Measurement of Test Specimens single flow plane, located 90° apart and manifolded together,

10.1 Determine media thicknepsior to mounting for test are to be preferred over a single tap.
and in accordance with standards such as Methods D 461 11.3.2 If a media support grid or bulk media holder is used,

(Section 10), D 645, D 1777, and D 3574 (Section 7). a test shall be performed with no media present to demonstrate

10.2 Cut media specimens to be used in other than simplgat the effects of such media supporting devices can be
mounting techniques and install in holders without altering thegnored. This same test shall be performed if an upstream, or
physical character of the matrix (for example, fused edges, torgownstream, duct with pressure tapsiat employed.

edges, etc.). , , _11.4 Test Air Density-This method requires that the test air
'10.3 Determine specimen face area (and medium area fansity be known at the specimen and at the flow measuring
different) subsequent to specimen mounting according Qeyice locations. Determinations of air density from experi-

Section 6. mentally measured absolute temperature and pressure can be
Note 4—For flat media to be tested using the simple clampingkept at a minimum if the air density of the test apparatus
procedures of Method A, or to be tested using Method B, the test specimegnvironment equals that at the specimen inlet
holder will dictate specimen face area. _
Note 5—Dimensions of specimen holders and packing procedures for Penv. ™ Psp. inlet
bulk media are required prior to test. Note any settling of these media as
a result of air-flow testing (see Section 18). and the air density at the flow measuring device (FMD)
METHOD A equals that at the specimen outlet

P FEMD = Psp. outlet

11. Requirements for Method A

11.1 Specimen Mounting The condition
11.1.1 General—Specimen mounting is a critical consider- 3
ation in the application of this test method. It is a requirement Penv. = Psp. inlet

that mounting techniques be selected which eliminate edge
leakage, yet do not deform the medium to the extent that will generally prevail. When no inlet duct is present (See
air-flow resistance is affected. 17.5.3) the air density at the specimen inlet may be calculated
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from local barometric pressure and ambient environmental

temperature in the test area. The condition of Other air-flow equations that relate the pressure drop to the first
power of the face velocity are the Poiseuille, Chen, and the
Blake-Cozeny equations. Under these circumstances Marion A.
Hollingsworti? has shown that a media resistance test stand

is expected to prevail and the air density at the flow. r Laminar Flow El t (Meriam Inst i
measuring device is calculated from the absolute temperaturlgcgrpora INg a Laminar Flow emen.( eriam Instrument) is
ntirely self-compensating, and no differences from standard

and pressure determined experimentally. This latter air-flow’ diti in eith il densit . it d b
density pyp) IS Used in calculating mass flow rate. The effect “O" |_|ondsf|n el 'ebrl air- OWt. ensity c.’(; \élstﬁosu_/ neec .?.
of relative humidity on air density is considered negligible for €Xa@mined for possibie corrections, provided there IS no signiti-

the ranges of temperature and humidity used in this standar§ant pressure loss between sample and laminar flow element.
See Section 9, 13.2, and 16.2.

PrvD = psp. outlet

13. Procedure

12. Test Apparatus 13.1 Functional Check of Instrument

12.1 Fig. 1 is a schematic diagram of the basic system for 13.1.1 Insert a test plate or some other accepted standard in
measuring air-flow resistance of specimens with moderaté€ test specimen location, and measure its rated air-flow
pressure drops, 10 in. Hg (254 mm Hg) or less, at the air flowéesistance using the test apparatus and instrument procedure
of interest. For specimens with higher pressure drops, §Stablished. The functional test point must be within 25 %
blow-through system is recommended rather than the suctiofplus or minus) of midscale. .
system for Fig. 1. In selecting the correct design, many 13.1.2 For consistent results, it is necessary that the fluid
materials are evaluated by determining the cubic feet pefeniscus always be observed in the same way. In vertical tube
minute of air flow per square foot Specimen face area3/(cm Instruments, the fluid level in the center of the tube should be
(s-cm?)) at a differential pressure\pP specimed Of 0.5 in. (12.7 noted in each case, v_vhether the top sur_face is concave or
mm) of water (Method D 737), or when the face velocity is 35convex in form. To duplicate factory calibration procedure with
ft/min (17.8 cm/s) the pressure drop is determined. the inclined tube meter, with mercury, read to the highest

12.2 The flow-measuring device should be selected idndicated liquid level as measured by a line parallel to the
accordance with the standards and practices of ASME, “Flui@raduations of the scale. With any other liquid, the lowest
Meters.” Most common test apparatus designs employ differvisible level should be used, as measured by the same
ential pressure meters (such as nozzles or orifices) for whicRrocedure. It is important to remember that the levels in both

the volume rate of flov is given by a relationship of the type l€gs of U-tube manometers must be read and these readings
added together to obtain the actual indication. A plane tangent

Q= d*\/AP eyo/Prvo to the fluid meniscus and at right angle to the tube bore
intercepts the scale where it should be read. See Fig. 2.
where: 13.2 Test the appropriately conditioned specimen in the
AP yp = nozzle or orifice pressure drop, environment to which the specimen was exposed.
PEMD = density of the test air, and 13.3 Select the specimen, and place it into the clamping
= orifice diameter. device making sure the specimen surface is facing the flow in

its normal in-service orientation. A specimen’s air flow resis-
Asimilar relationship for the flow rate through a rotameter withtance may differ according to which surface faces the flow.
its float at a specific position is: Such terms as “felt side” and “wire or chain side” have often
Q= 1\/prv been used to _desgribe opservable Qifferences be_tween sides.
Pronounced directional differences in air-flow resistance are
ost frequently encountered with those media consisting of
avers of different density or media which undergo changes in
conditions other than those at which these flow measurin esistance V.V'th flow rate. hf n d°“b.t- measure flow resistance
devices were calibrated. ith each side of the specimen fgcmg thg air flow. See 17.3.
12.3 There is technology available for a linear flow- 13.4 Clamp or hold in pIacg with su'fﬁC|e.nt force to ensure
measuring device for use when the test specimen flow charal? edge leakage. _For flat specimens with simple clampmg, this
teristics follow: sho_uld be Qeterm!ned by increasing the sample_holdlng force
until the differential pressure across the specimen reaches
AP _ Kuv equilibrium at the prescribed air flow. Once this is determined,
t hold constant for subsequent testing.
13.4.1 Where planar orientation is important, the orientation

Therefore, flows measured by orifices, nozzles, or variabl
area types (rotameters) must be corrected when testing un

where: must be appropriately documented.
V = volumetric rate of flow per unit face area (face veloc-
ity),
L = gas viscosity, —_—
t = specimen thickness, and 8 Hollingsworth, Marion A., “A New Filter Media Flow Resistance Tester,”
K = a constant for a given material ASHRAE Transactionshm. Soc. Heating, Refrigerating, and Air Conditioning

Engineers Vol 84, 1978, Part 1.
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FIG. 2 Observation of Fluid Meniscus

13.4.2 Samples that are obviously distorted by clampingnoderate pressure drops (10 in. Hg (254 mm Hg) or less). For
(for example, thin but deeply corrugated mediums, semi-rigidspecimens with higher pressure drops, a blow-through system
foams, etc.) may be more readily tested by Method B. is recommended rather than the suction system of Fig. 3.

13.5 Using good instrument practices (reading the vertical 15.2 As in Method A, the flow-measuring device should be
manometer at mid-scale), determine the flow rate at thgelected in accordance with practices outlines in ASME “Fluid
flow-measuring device at a specified mediA or determine  Meters.”
the specimen flows for severaP's, or both. (See 17.1-17.4.) 153 |f the laminar flow-element measuring device is se-

13.6 If the test air density at specimen and flowmeasuringected, it is recommended that a filter (see Fig. 3) be inserted
device locations is constant and equal, then only one readiqgst upstream from the flow-measuring device.
for temperature, pressure, and humidity is required. 15.4 For simple suction systems, a manual damper should

METHOD B be provided to release the suction pressure on the specimen.
This will allow for easier repositioning of the media under test.
14. Requirements for Method B

14.1 Specimen Mounting 16. Procedure
14.1.1 Because of the “guarded cylinder” principle, speci- 16.1 Functional Check of Instrument

men mounting in the sense of the simple clamping of Method 16.1.1 Insert a test plate or some other accepted standard in
A is usually not applicable. Certain kinds of materials may,the apparatus. The test plate must cover both guard and
however, exhibit a tendency to deviate from a perfectly flatneasuring areas. Measure air-flow resistance using the test
condition when placed on the guard cylinder surface. Sincgpparatus and instrument procedure established. The functional
accuracy of the procedure dependsrancross flow between  test point must be within 25 % (plus or minus of midscale).
guard and measuring areas, for these materials it may bgpserve manometer reading practices outlined in 13.1.2.

necessary tq provide an auxilliary clamping device to ensure 15 5 Test the appropriately conditioned specimen in the
flatness against the guard cylinder surface. environment to which the specimen was exposed.

duig.slbzf I\'jl(e)::hf(lﬁjxflg n}?etsncilj?éictjgeo?tmhgle ucaltfénglrgg \F/’Vriﬁcbeé 16.3 Select the specimen and place over guard and measur-
. PP . X 9 . ing areas, making sure the specimen surface is facing the flow
satisfactory. For other materials which are locally rigid (for. = . . : ;
. . : in its normal in-service orientation (see Note 4Note 4). Take

example, wire screens), an inlet duct whose inner and outer,

. . care to ensure that the specimen is flat across the guard
g'iﬂﬁ:grs match the lower chamber diameters may be used Bgundary (see 14.1).

14.2 Specimen Area-A circular test area shall be used. The 16.4 Using good instrument practices, establish the desired

minimum face area of the center test section shall be 38.75 inflow_rate at a specm_ed specimé for the (m_easurmg) te_st
ction. Next, establish guard area flow until pressure differ-

250 cnd). It is suggested that the ratio between guard area antt i
( ) 99 g ce between guard and measuring chambers downstream of

measuring area be 3:1; however, in no case shall the ratio ) . :

guard to measuring area be less than unity. the specimen is zero. Reread speciméhand flow for the
14.3 Measurement of Pressure and Pressure DBrefhe measuring test sgctlon. ) ) )

same requirements as described for Method A also apply to 16.4.1 If specific flow points are desired, some trial and

Method B (See 11.3). error may be required before the downstream guard and
14.4 Test Air Density-The same requirements as for Measuring chambers are pressure balanced at the exact test
Method A also apply to Method B (See 11.4). flow.
16.4.2 If multiple data point ordered pairs are required,
15. Test Apparatus repeat the above procedure.

15.1 Fig. 3 is a schematic diagram of a system for testing 16.5 If the test air density at specimen and flow-measuring
with the “guarded cylinder” principle. As with Method A, the device locations is constant and equal, then only one reading of
system as configured is recommended for specimens withressure, temperature, and humidity is required.
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FIG. 3 Method B—Guarded Cylinder Principle
CALCULATION AND REPORT pressure drop, but to physical changes in the specimen. If it is
. determined that physical changes occurring during flowing
17. Calculation conditions are the sole cause of specimen resistance, nonlin-

17.1 The purpose of this standard is to determine experiearity with face velocity, then no calculations need be applied
mental values for resistance, face velocity or normalizedo the observed pressure drop of the specimen.
resistance, mass flow ordered pairs so that the user may apply17.3.3 When pressure drop through the specimen is large,
the functional equation of his choice. the air density at inlet and exit faces of the specimen can be

17.2 Limitation of test temperature conditions have elimi-considerably different, and it is necessary to account for this
nated the need for viscosity corrections to the test data.  difference.

17.3 Whether data point pairs of resistance, face velocity 17.3.4 One method is to calculate an average volumetric
(AP, V) or normalized resistance, mass flow AP, m) are  flow rate through the specimen by means of the average air
reported, however, depends on a knowledge of the influence éfensity at specimen inlet and exit faces. Another method, and
Reynolds Number on specimen air-flow resistance and wheth&hat which will be used here, is to report pressure drop
or not the pressure drop is of sufficient magnitude that therormalized to a standard density condition at the test value of
effects of variable test air density through the specimen must bair mass flow rate.
considered. 17.3.5 It should be noted that normalized resistance, mass

17.3.1 When the influence of Reynolds Number is small, thdlow pairs @ AP, m) are reported when density corrections
specimen resistance is linear with face velocity, and it is notmust be made irrespective of whether or not the specimen
necessary to apply any calculations to the observed pressuresistance is linear with face velocity.
drop. When the influence of Reynolds Number is not small, 17.4 The calculations necessary to prepare the data for
there are both viscous and inertial contributions to the pressur@porting are outlined in the following paragraphs.
drop of the specimen, and resistance is no longer linear with 17.5 Case +-Specimen resistance is assumed to be linear,
face velocity. When this occurs, it is necessary to reporbr (1) sufficiently close to linear with face velocity, that
observed pressure drop of the specimen normalized to Barcy’s law may be said to apply; or,2) if the specimen
standard density condition at the test value(s) of air-mass flowesistance is nonlinear, the nonlinearity is attributable to media
rate. compression under flowing conditions.

17.3.2 Some cases of nonlinearity in the specimen resis- 17.5.1 In this case, no calculations are applied to pressure
tance are attributable not to an inertial component in thedrop data. Volumetric flow through the specimen is calculated
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from flow-measuring device data; then face velocity calculated = (527.7RTqpecimer-R)
by dividing the volumetric flow by the specimen face area. The % (Popoond29.92 in. Hg abls
specimen data to be reported are either single or multiple data - absolut

point ordered pairs ofAP, V). oro = (p/1.201 kg/nt)

17.5.2 If inlet and exit face areas are not equal, either inlet = —
or exit face velocity may be used in reportingcf but “Inlet” or = [293.2KIT (K)] X [Papsoure(mm HY /760 mm Hg
“Exit” shall be used to describe the face velocity in question 17.6.2.3 Calculate A P by multiplying the observed pres-
(see 3.1.5 and 3.1.6). sure drop by its_ appropriate.

17.5.3 It is imperative that the flow-measuring device data 17.6.3 Historically, mass flow rates have often been re-
be employed in such fashion that actual volumetric flow bePorted as standard volumes per unit time. For purposes herein,
determined,not corrected to standard conditions. It is also Standard volumes per unit time may be regarded as mass flow
necessary to ensure that the air density at specimen exit and'a{es. provided they are determined from mass flow data by:

flow-measuring device inlet are withiry %. For most tests at Qsto= Mpsmop )

normal laboratory conditions, a pressure drop of 2 in. water (51

mm water) or less between these two stations will ensure that The use of standard volumes per unit time instead of mass

this condition is met. rates of flow is discouraged.

17.5.4 Some specimen configurations may exhibit pressure 17.7 Case Ill—Behavior of specimen resistance with face

drops in a range of interest where density differences of the testlocity is unknown for region of test.

air across the specimen must be considered. In these methods17.7.1 In this case, a multiple data point procedure is

when required covering flows such that six data points of 25 %, 50
APIP, 1ot sbsouie = 0.05 %, 75 %, 100% , 150 %, and 200 % of the rated condition are

obtained. Observation under flowing conditions is required to

ensure that the test medium is not deflecting from air-flow

orces.

. . . 17.7.2 Data point pairs to be determined aré\P/m, m) for
17.5.5 The ratid\P/Pis dimensionless, so the pressure dropg ey of the test points. These are determined as follows:

of thg spepimen and the absolutg pressure of .the air at t_he 17.7.2.1 Calculate mass flow ratén] from flow measuring

specimen inlet must be expressed in the same units. For suction, ive data.

fgjtfergtsétgz a}gzglszatr?ypirnelsftéruec:vllcl)lszgsthﬁ :(s)ct?:oik():zr”(;/m:r:etrhg 17.7.2.2 Calculater (See 17.6.2.2). Pressure drop of the

g : ecimen may be omitted if

order of 407 in. HO (10 300 mm HO) for the standard P y

atmosphere. (More conventional units are 29.92 in. Hg abso- AP

lute or 760 mm Hg.; however, pressure drop across the Pinlet absolute

specimen must then be converted to inches (or millimetres) of 17.7.2.3 Calculate A P.

Hg to calculateAP/P.) 17.7.2.4 Ploo AP/mversusm on linear scale graph paper.
17.6 Case I—Specimen resistance is nonlinear with face 17.7.3 If o AP/mis constant, or nearly constant, then the

velocity, (1) attributable solely to an inertial component in theinfluence of Reynolds Number (which is proportionaipis

pressure drop; or, (2) air density differences across the Sped;mmmal, and.the influence of any observed media deformat|o_n

men must be considered. is also negligible. The specimens may thus be treated in
17.6.1 In this case, the observed pressure drop of th@ccordance with Case | (see 17.5)alA P/mis not constant,

specimen &P) must be normalized to standard conditions by!€re is either an influence of Reynolds Number or a changing
multiplying each value ofAP by the density ratios (see flow resistance caused by specimen (_jef_o_rmatlon. If thg |an.u-
Section 5). The data to be reported are either single or multipl§Nce of specimen deformation is not significant and the inertial

data point ordered pairs of normalized pressure drop, ma&omponent to the pressure drop is fully established, the plot of
flow rate ¢ AP, fr). o AP/m versusim will appear as a straight line with positive

slope. The specimens may be treated in accordance with Case

. . II. If the graph of o AP/m versusm is neither constant nor

f 17'3'2'1 Calcul_ate Ejnass flzwtratmIthrough the specimen linear with positive slope, the specimen is deforming with air

rom flow-measuring eV|c_e a f"" ) ) flow, or there is an extended flow transition regime. In either
17.6.2.2 Calculate density ratio)at the specimen location eyentuality, data are to be reported as for Case Il and a note

using average values of absolute temperature and pressure fgjeqd that extrapolations outside the test regime are to be

air density differences must be considered and data is to
reported asq AP, im) pairs. (See Case II).

=0.05

17.6.2 Determine data point pairs as follows:

follows: avoided. See Fig. 4.
FTabsolu(e = Pinlet - AP/2
at specimen absolute 18 Report
(in. Hg abs) (in. Hg abs) | (in. Hg abs) 18.1 The report shall include the following:
T apeate= [Tl °R) + T o °R/2] . lljieldl The ASTM number and whichever Method, A or B,
o = (plpsto) 18.1.2 Test environmental conditions such as relative hu-
= (p/0.075 lb/ft3) midity, temperature, and pressure.
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18.4.2.2 Areport in accordance with Case ItifA P/mis a
straight line with positive slope versuis

18.4.2.3 Areport in accordance with Case IbifA P/mis
neither constant nor linear with positive slope verduglus a
note that extrapolations outside the test regime are to be
avoided.

19. Precision and Bias

19.1 Precision
19.1.1 Single laboratory-single operator precision. Two re-

n (1) gimes of face velocity are presented:
19.1.1.1Face Velocity of 5 cmfsThe average single
laboratory-single operator experimental percent variation of
this test at a challenge of 5 cm/s face velocity on 25 samples of
low variability is 2.03 % at the 95 % confidence level, as
shown in STP 978.
. 19.1.1.2Face Velocity of 25 cmisThe average single
m laboratory-single operator experimental percent variation of
FIG. 4 Graph of & AP/ 1 versus m this test at a challenge of 25 cm/s face velocity on 50 samples
of low variability is 3.46 % at the 95 % confidence level.
18.1.3 A schematic of the test specimen assembly, which Standard % Variation 95 %
includes a thorough description of any critical orientations. In Mean (in. H,0) Development Level
the case of bulk media specimens, a detailed packing procedure 4 1 0.9549 262 5.26
must be outlined. All specimen dimensions must be docu- Lab2 0.9550 1.39 2.79
mented. For those test specimens where inlet and outlet areas “2° 3 0.9496 1.14 o2’
at pressure tap locations are different, flow cross-sectional average 3.46
areas at pressure measuring stations must be incl_uded. 19.1.2 Multi-Laboratory-Single Operator PrecisierOne
18.2 For Case | (refer to 17.5), the report shall include:  agime of face velocity is presented. Testing was done in the
18.2.1 Single-pointAP, V) pair or form of a 3-level completely nested designed experiment. The
18.2.2 Multiple-point AP, V) pairs. _ _output of such a design allows the separation of the different
18._2.2_.1AP should have units of force per unit area. (He'ghtcomponents of variance: laboratory, sample and run duplica-
of a liquid column may also be employed.) tion.
(mUt?) (L2 19.1.2.1Face Velocity of 25 cmisThe multi-laboratory-

single operator percent variation of this test between three

18.2.2.2V should have units of volume flux per unit area. laboratories was 8.38 % at the 95 % confidence level. The
Lt @ majority of the variability is attributed to reproducibility

between runs.

Components of Variance

18.3 For Case Il (refer to Section 17.6), the report shall

. . Com- Estimated Standard

include: i i i . ponent of %of Total Deviation
18.3.1 Slngle-pomt(( AP, m) pair or Source Variance Variance Based on N
18.3.2 Multiple-point ¢ A P, M) pairs . Laboratory 0.000016 4.91 0.003959
18.3.2.1 The same dimensional units foP will be used as  sample 0.000118 37.11 0.010885

outlined in 18.2 Run 0.000185 57.99 0.013608
18.3.2.2 m should have units o/t Total 0.000319 0.017870

18.4 For Case Il (refer _to 17.7), _the re_port shall include: 192 Bias—No justifiable statement can be made on the
18.4.1 A graph ol A P/mversusm on linear scale graph  accuracy of measuring air-flow resistance, since the true value

paper o o of the property cannot be established for most filter materials or
18.4.1.1¢ AP andm units are the same as outlined in 18.3. specimens.

18.4.2 The determination of specimen behavior according
to the guidelines of 17.7.2 and 17.7.3 plus
18.4.2.1 A report in accordance with Case loiAP/Mmis  —
constant or nearly constant versns ® ASTM STP 975, Fluid Filtration Gas, available from ASTM Headquarters.
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ANNEXES

(Mandatory Information)

Al. SIMPLE SPECIMEN CLAMPING SUGGESTIONS FOR VARIOUS TYPES OF FLAT MEDIA—METHOD A

AIR FLOW

—w ' v

FIG. Al.1 Sharp Edge—Top Clamp

== Bz
P E

FIG. Al1.2 Soft Gaskets—top and bottom clamp or chamber

FIG. A1.3 Pneumatic actuated top clamp with low surface area
sealing

10



Ay F 778 - 88 (2001)

FIG. Al.4 Support grid of known air flow resistance and
construction

AIR FLOW

T T

FIG. A1.5 Weight ring to produce known tension

T T

FIG. Al1.6 Thick Rigid Specimen—Impregnate with barrier-type
material except for test area

11



Ay F 778 - 88 (2001)
=— —=

FIG. Al1.7 Special holder to fit exact thickness of specimen

| o
FIG. A1.8 Special holder with crushable gasket to conform to
specimen surface irregularities

A2. PLEATED SPECIMEN MOUNTING—METHOD A

12
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AIR FLOW

)

l /Z RUBBER SEAL
THIS END REMOVABLE SPECIMEN HOLDER
TO SLIDE IN SPECIMEN ADHESIVE - SEALANT
| \\
an dn,
AY

|
sent 0
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AIR FLOW

BOLT FOR SEALING AND
THICKNESS
ADJUSTMENT

=
=~ SEAL

DL

="— ADHESIVE -
SEALANT

=
N

SPECIMEN
HOLDNER

14
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ulf

AIR FLOW BOLT FOR SEALING AND
FILTER FRAME FILTER THICKNESS
ADJUSTMENT

\\
BEOyLtIRS

TR X N AN 9 L,‘.

SEAL
ADHESIVE - SEALANT

SPECIMEN
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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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
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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(www.astm.org).

15



