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procedures involve an accelerated test using a synthetic et

dust. These procedures differ in the type of test dust used and

in the method of messuring the dust content of the air enter- ,

ing and leaving the air cleaner. The numerital value of the
arrestance, or efficiency, of an air cleaner may vary for each
method of test, even if the same test dust is used. However, it
generally varies when the same test méthod is used with dif-
ferent test dusts. Caution must be exercised in interpreting
published arrestance data, since different test procedures
prevent performance comparison of two cleaners of differing
designa. The test used may yield results that are-considerably
different from those obtained in an actual installation.

The two most hods for evaluating efficiency
are: (1) the weight method, in which the weight concentration
of dust in the air entering and leaving the cleaner is measured
by some suitable means, and (2) the dust spot test in which
the dust content of the air entering and leaving is measured-in
terms of its ability to stain filter paper.

1. Weight Efficiency. A weight method in common use today
is described in the Atr Filter Institute Code;? Section I, which
specifies a test dust as follows: 3

““The test dust mixture ists of 72 percent standardized
air cleaner test dust, fine (Arizona road dust, fine); 25 percent
K-1 carbon black; and 3 percent No. 7 cotton linters ground
in & Wiley mill with a 4-mm screen {percentages by weight).”

The entering concentration is determined by feeding a
known weight of the prepared test dust at « known and con-
trolled rate. The concentration of dust in the air leaving the
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ambient atmospheric dust for its evaluation of electronic air

1 and other high-efficiency filters, and the fed-dust
technique for other types of filters. In evaluating tests by the
dust spot method, consideration must be given to the type of
contaminant used in the test, since efficiency values are con-
siderably higher when Cottrell dust is used as compared to
ambient atmosphere.

The efficiency of many panel filters tested by the dust spot
(atmospheric) method is very low (10 to 15 percent or lesy);
this test method is not generally employed for a rating of
this type of filter since it fails to differentiate one filter from
another, even though on a weight basis the filters in question
may _exhibit significant differences in performance. Con-
versely, while the weight efficiency of an electronic air cleaner
may be high, the weight method of rating is not adequate to
differentiate one device from another. -

While the weight method emphasizes the larger particles in
a heterogeneous dust mixture, the dust spot method empha-
sizes the finer particles since the fines have greater staining’
power than an equivalent weight of coarse particles. This is
another reason that not all cleaners can be rated by a single
method.

6. NBS Test Mecthod. Air samples are drawn at equal flow
rates from upstream and downstream of the air cleaner and
passed through known arcas of filter paper. The optical density
of the resulting.dust ?ouz on the two filter papers is measured
with & ph and used to d ar of the

gxr c}eungt.bDun spota.of appr?xima;e!y the same opacity n.r;
Yy 1 of diff an

" filter. is determined by passing the entire air flow through:a
high-efficiency filtering blanket, and measuring the gain in
‘blanket weight. Test data and results are presented on stand-
ardised forms made availableby the Air Filter Institute.

At heric dust is & heterogy i of particl
ranging in size from & small fraction of a micron up to arger
particles tens of mi in dizmeter. A small age of the
largest particles in such a mixture always accounts for mest

-of the weight; this is also true of the particle mixture in

bi h h The weight efficiency method
of mating which employs an artificially-generated dust cloud
of heterogeneous particle size, is & description only of the
ability of a filter to remove the largest dust particles in the
mixture and gives little indication of the filter performance
in removing the smallest particles. For these reasons, where
extremely emall particles are objectionable, the weight effi-
ciency method of rating wouldl not adequately differentiate

“between two filters hsving approximately equal weight’ sffi-
iencies on such h dust mi 5 .

2. Dust Spot Efficiency. Recognition ‘of these facts léd to
development of the dust spot msthod of ‘testing at the Na-

‘tional Bureau of Standards.# Tt is based on the iles that, since

one objectionable characteristic of the finer ‘airborne dust

particles is the capacity to soil walls, céilings and othet in-

“terior surfaces, filtration of air through white filter paper

i lerated si of this effect and

would an lati
description of efficiency on the optical density basis woald
gt o WO

‘properly reflect this
devices. R -
The NBS test method is composed of two parts. One (dust
‘spot, atmospheric) employz the ‘normally-cecurring partitu-
late matter in the outdoor ambient atmosphere of ‘the testing
“laboratory as the test aerosol. The second is a fed-dust tech-
‘nique‘in which a Cottrell precipitator dust-from a specified
source in combination with standariized lint-is dispersed-in

istic of

d areas or by li
tion of the time. When unequal areas are employed, ‘Equation 1
is used to evaluate the arrestance £ and when part-time up stream

is employed, Equation 2 is used {0 evaluate the ar-

-rest I
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where

Ay = upatream dusi spot area.

Ap = downstream dust spot area.

Qo = change ir uphtream opacity of stain.

Qp = change in downstream opacity of stain.

T = percentage of upstream aampling time. . .

b. AFPI Dust Spot Test. The Air Filter Institute has adopted a
-dust apot ure known as the AFI Dust Spot Test Bodes
which is identical with that part of the NBS%‘;:tAMFeLhod whi

specifies methods and \ﬁpmc;t for making dust spot efficicacy
tests on atmospheric :?r and_specifies pmedmp:nd Report
Forms for Qualification Tests, Dust Holding Capacity procedures
«are not included in the AFI Dust Spot Test Code as the purpose
of the cotle is to specify an effitiency measufing technique and
‘gexgcpdum Dust holding capacity procedures are specified in

tion 1 of the AFI Code; this procedure is used to establish
that vahre-whether efficiency is measured by the AFI Dust Spot
wor the AFI Weight method. 4 .

3. Dusl-Halding Capacily. . . . . -
a. AFI Method. The AFI Code, Section I (Weight), specifies
growdum for determining dust-holding capacity, the amount of
ust which a filter can retain and imve a resistance less than
some arbif value. Under the AFI procedure, dust-holding
capacity is defined as the product of the weight of dust
the filter and the average éfficiency at a specified resistance an:
air ﬁ'ow. Diul'. loading and tance determinations are made

8 hori 1 test duct ining the filter und test.
In both cases, efficiency is evaluated on the basis of dust spot
‘opacity comparisons, not by weight.

The ‘National Burenu of Standards ordinarily employs

Y3 an are determined for
-éach increment of feed with the results plotted against weiﬁht_ of
;gust fed. Fig. 1 shows the results of an Asr Pilter Inatituts Weight

ode test conducted on a typical viscous impingement.type

only a frac- -
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. Dirt-loading measurements are made at the
N:uann.l" NBSBuMmdM%f Staudards’ by feeding & mixture of 4 percent
standardised cotton linters and 96 percent Cottrell precipitate
weight) to the test filter. The two ingredients are separately
S‘:xypened into the air stream by two aspirating type injectors. 'E:;
measure! show the rel thi
the wugfuot?dm mixture received at the filter: In the NBS
method, the weight of dust received by the filter is not multiplied
by efficiency to obtain dust-holding capacity and, therefore, the
value ia frequently referred to aa dust received. The curven in Fig.
2 iltustrate the difference in the dirt-| f
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Fig.2... . Dust and Lint Holding Copacity of
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& filter. The test results must be restricted to comparisond
between different filters. . . L

- The accuracy and repeatability of filter téste performed by
reputable laboratories is quite good. Sources of differences in
reported values lie in the variability of the test serosols and
dusts which is very difficult to control closely. Another source
of difference is the nonuniformity of the filter medium. The
current trend toward medis made of random air or watér-
Isid and spun fibrous materials, introduces the inherent
variability of the medium into the performance data. Realiza-
tion of these unavoidable varistions, under even the most
closely lled facturi diti will prevent

loading of
flters: (1) a viscous-impingement type and (2) & dry filter-
tw‘-i’?h anm;tznzi:d-eux{m ceﬁulos&ﬁber medium, with dust acd

. with ling. This chart shows the different loading effects of lint on

the two of filters as co to dust without lint. NBS

performs loading testa on all filters except electrostatic recipi .

tators,- whether the test aerosol be afmaspheric air or ‘ttre:ll
precipitate. Al
Significance and Limitations of Ratings

The ideal filter test method would simulate the actfua[ per-
formance of the filler when installed at the use site. The
desirability of -baving a widely accepted accelerated .test
method to d i i h istics of filters is

ding and specification of impossibly close pe
formance tolerances. i -
At present, figures on air cleaner efficiency ecan not be
related quantitatively to the rate of soiling of a space or of
mechanical equipment, nor to the intensity of other objec~
tionable effects. Thus, air cleaner efficiency dsta dp not pro-
vide the information necessary to design properly air cleaning
installations to control wall smudging, deposits on heat trans-
fer surfaces, soiling of furnishingg, ete. In other words, in the
absence of knowledge of a quantitative relationship bgtwee.n
air cleaner efficiency figures and the various objectionable
effects, these figures have only f}le limited value previously
 oated f - s

A T ; loped data of this
e recognized, but the variety and variability of air- ¢ .Inckxng' ystematically elopec. C! u
mcmm,” makes'the use of a synthetic test dust in  Dature, _15-00‘:1&189 ped from exp mush
any accelerated test tieally violate the principle of be consid , .
simulstion of actual performance. ; Other Filter Test Methods

Because the indicated weight efficiency of .air filters is
highly dependent on the particle size distribution of test dust
(and this includ i ion of its state, of de-

lomerati ly ized that testing of
filters in this category requires a high degree of standardisa-
tion of the test dust itself, the dust dispersion apparatus; and
other el of test equi] and of proced . .

It has been established that the tion, size charac-
teristics and lint content of atmospheric dust vary greatly in

ifferent locations.® These inherent limitations of any. acceler-
ated test indicate that it is not possible to reproduce exact air

" filter performance. Test results, therefore, are limited in'per-

mitting comparisons between different air cleaners, but aré
useful in preparing purchase and design specifications.

In loading tests, the dust-holding capacity of a filter as de-
termined in an accelerated test will not permit calculition,
from dust concentrations in some locality, of the actual kife of

Different dusts and techniques have been used in various
Iaboratories to determine gravimetric and dust spot efficiency
of filters, and opinions on the relative merits of each have
been diverse. Questions, pertaining to this matter, however,
can readily be resolved by reference to the principle, cltefl
above, that présent test results must be limited to 8 compari-
son between different filters. Any test method can only justify
itzelf if it can report test results on a wide variety of air filters
under its particular test conditions. Conversely, test results
on a single filter by some nonsiandard met!;o.d are valueless
because they can not be pared with ting air ! :

A test method déveloped by Whitby ef al using a pulver-
ized anthracit l-carbon black mi for a test dust, was

" the basis for an interesting report!® on the relative perform-

ance of & wide variety of air cleaners. While that test method
has ot gained official recognition, the reported test results




