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CHART FOR DETERMINATION OF SPECIFIC TYPES OF AIR CLEANERS

Type of Alr Cleaner ype ot Alr Cleaner
Sectlon Section Coftents Section Section Contents
No. Qit Ol Ory No. Ol il Dry
. Wetted! Bath | Type Mullistage Wetted | Bath | Type Muitistage
1 Scope 1 1 1 1 8 Determination of Dust Capacity — —_ — | -
Steady Airflow 8.1 8.1 8.1 | 8.1
2 Materlal and Apparatys 2 2 2 Variable Airflow 8.2 8.2 8.2 | 8.2
3 General Definitions anid Test Conditions 3 3 3 3
9 Determination of Eﬁlclency _— e -—
4 Determination of Restdction —_ —_— —_ | - Steady Flow 9.1 9.1 9.1 | 9.1
Assembly 1 4.1 41 | 4.1 Variable Flow 9.2 9.2 9.2 | 9.2
Element Only — — 4.2 | As Applicable
5 Determination of Oll Garry-Over Char- 10 Efficiency and Dust Capacity 10 0 10 10
acteristics —_— H) —_— | -
Indicated Oil Levpl,Increasing Air- |
flow -_— 5.1 _— As Applicable 1 Recovery — 1.1 11.2 | As Appticable
Constant Airflow} Increasing Ol
Leve! —_— 5.2 _— As Applicable
Angle Operation -_— 53 —_— As Applicable 12 Seal‘and Leak Test Procedure —_ — 12 As Applicable
Shaking Operatign —_ 54 —_— As Applicable )
é Determination of Ol Lpss - é == | As Applicable 13 Rupture and Collapse Tests - — 13 As Applicable
Dry Procedure —_— - 13.1 | As Applicable
Determinotion of Inlflal Wetting of Wet Procedure -_— — 13.2 | As Applicable
ement _ 7 — As Applicable
Indiéated Oil Levél, Increasing Air-
oW, - 7.1 —_ As Applicable 14 Determination of Bockfire and Flame
Constant Airflow,| Decreasing Oil Resistance . 14.2 4.1 14.2 | As Applicable
Love! - 7.2 - As Applicable
1. Scope~This test cqde is for laboratory use in determining the The particle size distribution by weight as |measured with a Roller
operating characteristics|of air cleaners. It refers specifically to labora-  analyzer shall be as follows:
tory testing of oil bath, oil wetted, dry and multistage” air cleaners.
Other types should follqw this recommended practice wherever appli-
cable. Multistage types [should be evaluated as a-complete assembly TABLE 2—PARTICLE SIZE DISTRIBUTION BY WEIGHT, PER CENT
although, if desired, a |component stage can. 'bel tested separately in
accordance with its individual type. Sixe, Microns Fine Grade Coarse Grade
This code contains alfernate procedures ‘and permits prescribing cer-
£ heref d 1 £ 0-5 39 42 12 £ 2
tain specific conditions df a test. Therefore reported results of tests are 5.10 18 %3 12 %3
not complete unless accompanied by statements, where applicable, of the 10-20 16 +3 14 +3
specific conditions such fas: (1) rated air flow, (2) prescribed air flow, 20-40 18 +3 23 £3
40-80 9 +3 30 =3
(3) steady or variable girflow,,(4) fine or coarse dust, (5) amount of 80-200 = 9 L3
dust, and (6) maximum| permissible restriction.

2. Material and Appdratus=Test oil for oil bath types shall be of
two grades: (a) light, SAE.10; (b) heavy, SAE 30.

Test dust! shall be standardized and shall be of two grades (labeled
“fine” and “coarse™). The following chemical analysis is typical:

TABLE 1—CHEMICAL ANALYSIS OF TEST DUST

Chemical % by Weight'
$i0y 67 10 69
Fe1Os 35
AlOs 15t 17
CaO . 2to 4
MgO 0510 1.5
Total Alkalis 3t S
Ignition Loss 2103

1 Obtainable from AC Division, General Motors Corporation, Flint, Michigan.

fa ; €) for inducing and con-
trolling an adequate axrﬂow under at least 8 in. Hg vacuum shall be
provided.

The airflow meter shall be of an accepted design, such as a calibrated
orifice. Corrections shall be made for -variations in absolute pressure
and temperature at the meter inlet, and the airflow shall be expressed
in cubic feet per minute corrected to 29.92 in. Hg and 80 F or 29.70 in.
Hg and 80 F, depending on the accepted practice.( Corrections to
29.70 in. Hg are generally used in the automotive field, while the 29.92
in. Hg corrections are generally used by ordnance and the heavy duty
and tractor engine ficld.) )

Piezometer tubes shall be made in accordance with Fig. 1. The inside
diameter of the piezometer shall be the same as the inside diameter of
the air cleaner outlet or of equivalent area for remotely mounted air
cleaners. For air cleaners mounted directly to a carburetor, the piezom-
eter should have approximately the same area as the carburetor air
passage. It is recommended that the following standardized piezometer

=

¢
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triction of the air cleaner

flow standshould be made in accordance with Fig. 2A. The throat in-

side diameter should be the same as the piez

eter inside diameter.

The absolute filter shall consist of one of more layers of fiberglass
batting;? installed in suitable containers. The batting shall be 14 in.

thick and shall consist of fibers 0.00003 to 0.00

together with a thermosetting resin. The dens

and the moisture adsorption shall be less th
posure to 120 F. and 959, relative humidity
of the material should face upstream. An
size shall be used so that there will not be

be sufficient to keep face velocity under 16!

05 in. in diameter, bonded
ity shall be 0.6 1b per cu ft
hn 19, by weight after ex-
for 96 hours. The nap side
hbsolute filter of sufficient
excessive restriction to air-

fpm. The absolute filter

flow before the test is completed. The size of jhe absolute filter shall also

housing should be grounded during tests. Sc

pacity and sensitivity to weigh the air clear]

nearest 0.1 g and the absolute filter media

absolute filter media should be weighed whe

and while in a ventilated oven at 220-225 F.
The dust feeding mechanism should feed

es shall be of sufficient ca-
er and dust feeder to the
o the nearest 0.01 g. The
h the weight has stabilized

the desired grade of dust

at a steady rate to disperse a continuously uniform particle-size distribu-

tion in the air stream before reaching the ai

shall not be changed by the dust feeding me

are shown in Figs. § and 4A.

F cleaner. The particle size
chanism. Suggested setups

The variable airflow control mechanism shall operate to provide a

variable airflow cycle similar to that suggeste

When testing oil bath type air cleaners, a
shall be provided to determine oil carry-o

d in Fig. 5.
uitable observation means

er. Suggested designs are

EQUALLY
SPACED

ELEMENT
UNDER
" TEST

-+ TO MANOMETER

FIG. 2B—DRY CLEANER ELEMENT RESTRICTION TEST
SETUP
sizes be used where practical for cleaners mounted directly to a car-
buretor: piezometer inside diameter—2 in,, 3 in., 4in.

shown in Figs. 1 and 6. Suggested shaking

mechanisms are shown in

Fig. 7. A suggested backfire test setup for oil bath air cleaners is shown

in Fig. 12

3. General Definitions and Test Conditions

Temperature of air and oil (if oil bath)
unless otherwise called for.
Rated Airflow of the air cleaner shall be

shall be room temperature

expressed in cubic feet per

minute as specified by the air cleaner manufacturer for the application.

Restriction shall be defined as “the static pressure drop across the
air cleaner at the observed airflow, and shall be expressed in inches of
water.” Restriction of air cleaners incorporating some form of ideal air
entrance shall be defined as “the net static pressure drop at the observed
airflow expressed in inches of water.” Net restriction is the difference
between the observed restriction of the air cleaner mounted on the flow
stand and the tare restriction of the flow stand obtained with an ideal
flow orifice mounted in place of the air cleaner. An ideal flow orifice is

~ shown in Fig. 2A.

2 Obtainable from Owens Corning Fiberglas Co.,
3 1n. PF105 or equivalent.

Santa Clara, California-—their
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A dry air cleaner element restriction test setup is shown in Fig. 2B.
Oil Carry-Over shall be defined as “the appearance of oil at the
cleaner outlet.”
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Condition the oil bath air cleaner:

(a) Wash and dry the air cleaner thoroughly.

(b) Fill the oil cup to the indicated level with the specified oil.

(c) Flow air through the air cleaner at rated airflow for 15 minutes.
(d) Stop airflow and allow to drain 15 minutes.

(e) Readjust the oil in the cup to a specified level for the particular

test,
4. Determination of Restriction
4.1 Air Cleaner Assembly

(a) Set up the air cleaner assembly as in Fig. 8.
(b) If oil bath, condition the air cleaner using heavy test oil.
(c) Measure and record restriction at the desired percentage of rated

airflow.

¥d) If net restriction is required, substitute an ideal flow orifice for
the air cleaner and measure the restriction at the desired airflows to

obtain the tare restriction of the flow stand.

(¢) Determine net restriction by subtracting the tare restriction from
the observed restriction obtained in operation (c).

TRANSPARENT TUBE VARIABLE SPEED MOTOR

3 INTERGHANGEABL 110 VN— vARIAC SPEED CONTROL
GEAR RATIOS
CLUTCH| RELEASE
FIG. 3—MECHANICAL DUST FEEDER3
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4.2 Alr Cleaner Element Restriction ]
Restriction of the conventional dry element in Fig. 2B can be measured

by clamping the element between two flat.pla

es, the lower of which has

an approximation of an ideal air entrance and a fitting for attachment

to the air cleaner flow stand. The)element
specified airflows, is expressed in'inches of w

restriction, measured at
ter as “the difference be-

tween the restriction obtained.with the element in place and the tare

restriction of the test fixture-with no element
height compared to its|'diameter, the tare
tained with the top plate installed in the lo
element is in place.

5. Determination of Oil Carry-Over Charact

5.1 Indicated Oil Level, Increasing Airfl

(a) Set up’ the air cleaner as in Fig. 8.

(b) Cendition the air cleaner using light tg
indicated level.

" If the element is of low
estriction should be ob-
ation occupied when the

eristics
bw

st oil. Readjust oil to the

(c) Start air flow at 409, of rated flow vdalue and raise air flow at

increments of 109, of rated flow, holding each
tinue this procedure until oil carry-over is obs
ing observations at 5 minute intervals:

1. Airflow

2. Outlet air temperature

8. Restriction

4. Indications of oil carry-over

(a) Set up the air cleaner as in Fig. 8.

(b) Condition the air cleaner using light t
indicated level.

(c) Raise airflow to rated value (do not
minutes. Record the following observation at

52 Constant Airflow, Increasing Oil Lev]l

flow for 5 minutes. Con-
erved. Record the follow-

st oil. Readjust oil to the

exceed), maintain for 15
5-min. intervals:

FIG. 4A—~SONIC DUST (1) Oil level
Zun | VBrive: | "Noxeh | Nostte"" FEEDERS
Dig, In. |Range, rpm| Dia, Ia. Dia, In.
1 0-400 0,024 0.055
s | gam | oo | 38000 ric. en-nozae suzm
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o
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L 80
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o 40 [ - —1
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T o \ . 8~
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<
TIME— MINUTES 1 T gj .S%DD
FIG. 5—VARIABLE FLOW CYCLE .065 waLL e i ? E=* {900
3Information obtainable from Power Plant Lab., Detroit Arsenal, Centerline, ; F=110D

Mich. . . .
4Information obtainable from Donaldson Co., Minneapolis, Minn.

FIG. 6—OBSERVATION ELBOW
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(2) Outlet air temperature
(3) Restriction
(4) Indications of oil carry-over
(d) Increase the airflow or oil level in indrements as desired at 5-
minute intervals, repeating the observations gbove. Continue this pro-
cedure until oil carry-over is observed.

5.4 Shaking Operation

Extreme variation in air cleaner applicatiop to vehicle, field condi-
tions, and users’ requirements preclude establithment of an all inclusive
shake operation test procedure and apparatus |design. It is the object of
this procedure to point out test variables thpt must be controlled to
obtain reproducible bench tests that will provide reasonable correlation
to field tests.

Figs. 7A, 7B, and 7C suggest theory of shake mechanism only. Correla-
tion and reproducibility are dependent upon pelection of shake mecha-
nism, control, and reporting of the following| variables:

(a) Method of shake

(b) Direction of shake

(c) Displacement

(d) Frequency

FIG. 7TC—ROCKING SHAKE

(2) Outlet air temperature
(3) Restriction
(4) Indications of oil carry-over
(d) Increase oil level in desired increments by volume or height, re-
peating the preceding observations. Continue this procedure until oil
carry-over is observed.
5.3 Angle Operation
(a) Condition the air cleaner using light test oil. Readjust oil to the
indicated level. '

(b) Set up the air cleaner as in Fig. 9 at desired angle. = |
() Raise airflow to rated value (do not exceed), and maintain for 15

minutes. Record the following observations at 5-minute intervals:
(1) Airflow or oil level

(e) Severity—acceleration and/or deceleration

(f) Oil viscosity and ambient air temperature

The following procedure is recommended for general use:

(a) Set up the air cleaner as in Fig. 7 or in such a manner as to sim-
ulate field operation.

(b) Condition the air cleaner using light test oil. Readjust oil to indi-
cated level.

(¢) Raise airflow to prescribed value (do mot exceed), and maintain
for 15 minutes.

(d) Perform shake operation at specified number and frequency. Stop
shake without interrupting air flow. ’

(e) Observe for indications of oil carry-over.

() If no carry-over is observed, allow sufficient time for displaced oil
to assume initial condition or recondition the air cleaner. Increase air-
flow or oil level in increments as specified and continue shake until oil
carry-over is observed.

6. Determination of Oil Loss

NOTE: The air cleaner must be sufficiently dry prior to addition of
oil to withstand rated airflow for 1 hr in its dry state without loss of
weight.
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FIG. 9—TEST SETUX
(b) Wash and dry the air cleaner thoroughly,
(c) Fill the oil cup to the indicated level wit
(d) Start airflow at 59, ©Of rated value (do n
for 5 minutes.
(e) Stop airflow andaemove the oil cup. Obse
of wetting on the lower element surface. '
(f) Reassemblé\the air cleaner and raise airfi
of rated valuetuntil complete wetting on the 1q
7.2 Constant Airflow, Decreasing Oil Leve
(a) Set.up the air cleaner as in Fig. 8.
(b) Wash and dry the air cleaner thoroughly
(c)7Fill the oil cup to the indicated level with
(d) Start airflow at 209, of rated value (do n
for 5 minutes.

—r

h heavy test oil.
t exceed), and maintain

Fve and record the degree

ow in increments of 59,
wer element is observed.

heavy test oil.
bt exceed), and maintain

(e) Stop airflow and remove oil cup. Obse
of wetting on the lower element surface.

and record the degree

(f) Repeat steps (b), (d), and (e) with oil Jlevel lowered in desired
increments until no wetting on the lower elem¢nt surface is observed.

8. Determination of Dust Capacity

8.1 Steady Airflow—Determination of dust [capacity tests with steady

airflow are conducted at the prescribed airflow

Test Procedure—The test shall be stopped when the maximum

permissible restriction is reached. Test shutd

ns should be kept to a

minimum. The dust capacity is the total wejght of dust removed by

unit under test,

(a) Set up the air cleaner or element as in
setup that will provide the data required, or
and supplier.

(b) If oil bath air cleaner, condition the ain
oil. Readjust oil to indicated level.

(c) The dust feed rate should be calculated 1
tion of 0.025 g per cu ft of air (1.5 g per hr

Fig. 11. Choose the test
as agreed upon by user

cleaner using heavy test

sing the dust concentra-
per cfm). Either fine or

coarse test dust may be prescribed.
(AR 3 3

FIG. 8C—TUBULAR INLET CLEANERS

(a) Determine weight of air cleaner in dry condition and set up as in
Fig. 10.

%b) Condition the air cleaner using light test oil. Readjust oil to the
indicated level. Weigh the air cleaner to the nearest 0.1 g or as close
as possible.

(¢) Raise airflow to rated value (do not exceed), and adjust heater to
obtain, within 5 minutes, a stabilized temperature of 100 =+ 2 F at the
air cleaner outlet. i

(d) After 65 minutes of operation, including the time for adjustment
of air temperature, stop airflow and reweigh air cleaner and record.

€e) Repeat steps (c) and (d) twice.
(© Rep eps @ 0il loss for 314 hr

(f) Calculate percentage of oil loss from:  ————————— 0

Total weight of oil
7. Determination of Initial Wetting of Element '
7.1 Indicated Oil Level, Increasing Airflow
"~ (a) Set up the air cleaner as in Fig. 8.

M7 =
(e) Record the weight of dust fed.

BAFFLE USED WITH

d-the-air-cleaner—restriction—at-suitable intervals.

GAS HEAT THERMOMETER
TRANSPARENT
. PIEZOMETER
GAS BURNER

AIR INLEY

(ALTERNATE) ELECTRIC
HEATING ELEMENTS
20 WATTS PERCFM

H20 MANOMETER

FIG. 10—OIL LOSS TEST SETUP
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