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PREFACE

The Association of Home Appliance Manufacturers (AHAM) develops standards in accordance with AHAM's
"Policy and Procedures Governing Technical Standards" which states:

"AHAM Standards shall be in the best interest, mutually, of consumers who use appliances, the industries
which provide and service appliances, and other interested parties. They shall relate to actual use
conditions, and be technically and scientifically sound."

Use or observance of AHAM standards is voluntary.

This standard contains test procedures which may be applied to any brand or model of portable household
electric room air cleaners within the stated confines of the standard's limits for measuring performance. Results
of tests in accordance with this standard may be publicly stated in accordance with Section 13, Reporting
Results.

When using any of the test procedures to determine performance rating status or to compare the performance of
appliances, it is recommended that multiple test units (typically at least 3) be run to ensure that the results
obtained are statistically valid.

With regard to safety, AHAM recommends that all appliance products - both major and portable appliances -
manufactured or marketed in the United States be submitted to a Nationally Recognized Testing Laboratory
(NRTL) for inspection and listing in conformance with the safety standards and procedures followed by such
laboratories.

The annexes to this standard are included for informational purposes only unless the annexes are noted as
normative.

AHAM welcomes comments and suggestions regarding this standard. Any standard may be reviewed and
improved as needed. All standards must be updated or reconfirmed at least every five years. Any interested
party, at any time, may request a change in an AHAM standard. Such request should be addressed to AHAM's
President, and should be accompanied by a statement of reason for the request and a suggested alternate
proposal.

This standard may involve hazardous materials, operations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is the responsibility of whoever uses this standard
to consult and establish appropriate safety and health practices and determine the applicability of any regulatory
limitations prior to use.

Copyright © 2009 by the Association of Home Appliance Manufacturers (AHAM)
All rights reserved.
The hard copy print version of this document shall be for individual use only.

The electronic file version of this document shall be for storage on one computer for purposes of
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This document shall not be reproduced in whole or in part by any means, and shall not be
transmitted electronically or otherwise to a third person without the prior written permission of
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1. PURPOSE

11 This test method establishes a uniform, repeatable procedure for measuring a specified
product characteristic of portable household electric room air cleaners.

1.2 Used in conjunction with ANSI/AHAM AC-1, this test method provides a means to
evaluate and compare the performance of portable household electric air cleaners before and
after the air cleaners have been subjected to accelerated particulate loading conditions designed
to simulate defined periods of use.

1.3  This test method is not intended to inhibit improvement and innovation in product testing,
design or performance.

2. SCOPE

2.1  This test method applies to portable household electric room air cleaners as defined in
ANSI/AHAM AC-1.

2.2 This test method is applicable to any type or design of portable electric household electric
room air cleaner, provided the device can be adequately plenum mounted since a plenum system
is needed to load the particulate matter, and provided the device also meets the conditions
specified in 2.3 through 2.5 below.

2.3 The initial and final measurements of performance, know as Clean Air Delivery Rates
(CADR) are determined utilizing ANSI/AHAM AC-1. The limits of measurability and precision
stated in ANSI/AHAM AC-1 shall apply.

Therefore, this standard only applies to portable household electric air cleaners that have a
CADR rating that falls within the following ranges (cfm = cubic feet per minute):

Dust CADR =10 cfm — 400 cfm
Cigarette smoke = CADR = 10 cfm — 450 cfm
Pollen CADR =25 cfm — 450 cfm

NOTE Units that have a lower or upper limit that is outside the range specified are not within the scope
of this test method.

2.4 The stated results of this test method include the percentage change in CADR
performance after 90 simulated days of filter loading. See Section 13 for more information.

2.5 The maximum air cleaner airflow rate for the method is 600 cfm (16.9 m*/min). It is
necessary to have an air flow rate no greater than 600 cfm in order to be able to aerodynamically
load the air cleaner in a plenum with a sufficient mass of loading material.

2.6 The minimum air cleaner airflow rate is 10 cfm (0.283 m’/min). It is necessary to have
an air flow rate of at least 10 cfm in order to adequately transport particles of the loading
material to the air cleaner without significant particle loss to gravity or to the plenum walls. At
low flow/volume rates below 10 cfm, the drive and assist fans may not operate accurately and
reproducibly.
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3. DEFINITIONS

The definitions as stated in ANSI/AHAM AC-1 apply. In addition, the following terms used in
this test method are defined:

3.1 Filter sets — any combination of individual or multiple filters used and or sold in
combination for insertion into an air cleaner for the purpose of removing particulate matter or
gaseous contaminants.

3.2 Maintenance — any service or cleaning procedure for the air cleaner defined by the
manufacturer for the purpose of removing particulate matter from the filters or cabinet of an air
cleaner, including replacement of the filter material or media.

3.3  Transition plenum — that portion of the intake or exhaust plenum that connects directly
between the air cleaner and the intake or exhaust plenum.

3.4  Discharge chamber — the exhaust containment structure consisting of the air cleaner
exhaust transition plenum (if required), HEPA filter, discharge transition, and exhaust assist fan.

3.5 Intake plenum — round ducted stainless steel comprised of an adjustable intake assist fan
(squirrel cage type), dust injection port, cigarette injection port, and auxiliary intake air “T”. The
plenum connects to the particulate matter injection vessels and the intake transition plenum.

3.6 Dust generator — an assembly providing continuous addition of dust to the intake
plenum.

3.7 Cigarette smoke generator — an assembly for the mounting, generation, and delivery of
cigarette smoke to the intake plenum. The assembly may be manual, automatic, or semi-
automatic.

3.8  Duration Clock — A stop watch or stop clock that is able to record the total length of
time for loading. See 5.2.3 for more information.

4. SUMMARY OF THE TEST METHOD

4.1  The test method provides a uniform process for loading a portable electric air cleaner, in
an accelerated manner, with a specific amount of particulate matter that the portable electric air
cleaner would normally be subjected to during a specific period of time and evaluating the effect
of the accelerated loading on the performance of the air cleaner.

4.2  Prior to initiating the accelerated particulate loading, the portable electric air cleaner’s
performance shall be evaluated in accordance with ANSI/AHAM AC-1 to determine the initial
CADR values.

4.3  The portable electric air cleaner shall then be loaded utilizing elevated particulate matter
concentrations through an open loop system over a short time period (accelerated loading).

4.4  The test plenum design and portable electric air cleaner connections utilized during the
loading process are constructed such that a standardized intake and exhaust plenum may be
modified to fit a wide variety of air cleaners. Air plenums linking the air cleaner intake and
exhaust ports are connected using standard, accepted angles to prevent aerodynamic loss of
particles, and to uniformly load the air cleaner with particulate matter.
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45  The loading process shall include both dry particulate matter consisting of Air Cleaner
Test Fine Dust (60 ug/m’)! and an oily liquid component consisting of cigarette smoke (see 8.1).

4.6  The dust and cigarette smoke shall be proportionately loaded to each portable electric air
cleaner tested based upon the measured maximum air flow of the unit. The amount of
particulate matter that the air cleaner is loaded with shall be calculated in accordance with this
test method.

4.7  The specific periods of time that are simulated through the loading process shall be
calculated in 30 day increments and include, at a minimum, one 90 day control point. Test
results reported in accordance with this test method shall specify the time period(s) simulated in
increments of 30 days. [Additional evaluation of the performance of the portable electric air
cleaner under other simulated time periods that are either shorter or longer than the 90 day
control point, in increments of 30 days, are optional.]

4.8 The air cleaner manufacturer’s recommended maintenance may be optionally performed
at appropriate intervals during the loading process. Test results reported in accordance with this
test method shall include a statement as to whether or not the maintenance was performed during
the test.

4.9  Upon completion of the loading process, the portable electric air cleaner’s performance
shall once again be evaluated in accordance with ANSI/AHAM AC-1 to determine the final
CADR values. As noted in Section 12, the change in initial and final CADR values is expressed
as a positive or negative percentage change.

5. GENERAL CONDITIONS FOR MEASUREMENTS
5.1 Environmental Conditions for Loading Process

5.1.1 The ambient temperature during the loading process shall be 70 + 10 °F
(21 = 6° C) with a relative humidity (RH) of 40 £ 15 %.

5.2 Loading Period
5.2.1 The loading period shall be 6 hours + 10% (6 hours = 36 minutes).

NOTE The flexibility in the loading period is allowed to account for the difficulty of calibrating the dust
generator to match a specific air cleaner's maximum airflow rate.

5.2.2 Stops in loading may occur for the purposes of particle generator cleaning,
reloading, or optional air cleaner maintenance.

5.2.3 During these stops in the loading process, the duration clock for the loading
period shall be stopped.

I Reference: “Indoor Particles: A Review” (1996), Lance Wallace, Journal of Air and Waste Management
Association, Col. 46, p. 98 — 126; ISSN: 1047-3289. The mean indoor particle concentrations (PMj3s) in
homes studied in the Harvard Six-City Study were in the range of 13 pg/m’ to 47 pug/m’. The EPA
Particle TEAM study (1991) carried out by Research Triangle Institute and the Harvard University School
of Public Health in 1990 showed a mean 24 hour indoor particle concentration (PM;o) of 59 ug/ m®. The
selection of a higher concentration of 60 pg/m’ for the loading was made to reflect a conservative
approach.
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5.2.4 The duration clock for the test loading period shall be started when particle
generation is resumed.

5.3  Continuous Loading

5.3.1 During the loading period, the total generated loading mass shall not be less than
95% and not greater than 105% of the calculated loading mass.

5.3.2 The intent of the method is to provide a smooth continuous loading throughout
the entire loading period.

5.3.3 Dust shall be generated uniformly and continuously throughout the test period.
5.3.4 Cigarettes shall be burned at equal intervals throughout the test loading period.
54 Background or Source Air

The concentration of particles in the source air will provide some additional load to the
air cleaner. This concentration is not considered significant to the overall load of the air
cleaner. Refer to Annex H, Technical Consideration, for further information.

6. TEST SET UP
6.1 Test Plenum

6.1.1 Refer to Annex A for a diagram of the air cleaner test plenum (Figure A.1) and
description of system components.

6.1.2 See Annex A for air flow measurements requirements and assist fans.
6.2  Cigarette Smoke Generator

Refer to Annex B for a diagram of the smoke generator (Figures B.1 through B.6) and a
description of the construction, assembly and mounting of components.

6.3 Dust Generator

Refer to Annex C for a diagram of the continuous dust generator (Figure C.1) and a description
of the construction, assembly and mounting.

6.4  Cigarette Cut Stand
Refer to Annex D for a diagram of the cigarette cut stand (Figure D.1).
6.5 Reagents and Materials

Refer to Annex E for a description of the dust, cigarettes and materials needed to create air tight
seals.
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7. TEST PROCEDURE
7.1 Measure Maximum Standard Airflow Rate

7.1.1 The maximum standard airflow rate of the air cleaner is needed to calculate the
total mass of dust required for loading.

7.1.2 Determine the maximum standard airflow rate in cfm (m*/min) of the air cleaner (at
highest manufacturer speed at manufacturer recommended power requirements) using
recognized air flow techniques such as orifice plates and nozzles.

NOTE: Recognized air flow techniques are including in, for example, ANSI/AMCA Standard 210-99
(ANSI/ASHRAE 51-1999), Laboratory Methods of Testing Fans for Aerodynamic Performance Rating.

7.1.3 The standard airflow rate of the unit shall be the average of three tests of the portable
electric air cleaner under test using different filter sets.

7.2  Calculate the Loading Amount
Calculate the total dust load and total number of cigarettes in accordance with Section 8.
7.3 Perform Initial Performance Test

7.3.1 Perform an initial CADR test according to ANSI/AHAM/ AC-1.

7.3.2 The results of this test are utilized as the initial performance indicator for the air
cleaner.

7.4 Mount the Air Cleaner in the Test Plenum

7.4.1 Directly mount the portable electric air cleaner to the exhaust transition plenum
and/or the specific exhaust manifold frame of the discharge chamber.

7.4.2 Attach the intake transition plenum to the air cleaner and to the intake plenum.
Turn on the air cleaner to the highest air cleaning setting.

7.4.3 Turn on the intake assist fan to low.
7.4.4 Turn on the exhaust assist fan to low.

7.4.5 Adjust the intake assist fan and exhaust assist fan as required to match the
measured volume flow rate as determined in the airflow test for the air cleaner. Repeat
this until the flows matches. Measure air velocity in linear feet per minute (1fm) [linear
meters per minute (Imm)] using an air flow meter. There is to be zero air pressure drop
across the air cleaner at the start of the test.

7.4.6 The airflow shall be set to match the initial airflow. Once the air flow is set, no
further adjustments shall be made to the intake or exhaust assist fans during the test.

7.5 Initiate the Loading Process
Load the air cleaner in accordance with Sections 8 and 9.
7.6  Perform Periodic Maintenance (Optional)

If the option to include maintenance during testing is selected, refer to Section 10 for further
information.
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7.7

7.8

Obtain Final CADR Values

7.7.1 The test method is designed such that the CADR performance testing shall be
performed immediately following the final loading of particulate matter (dust and
cigarettes).

7.7.2  Upon completion of the loading process, remove the air cleaner from the test
plenum.

7.7.3 The requirements specified in Section 11 for handling the loaded air cleaner
apply.

7.7.4 Place the unit back in the ANSI/AHAM AC-1 Chamber.

7.7.5 Perform a final CADR test according to ANSI/AHAM AC-1.

7.7.6 The results of this test are utilized as the final performance indicator for the air
cleaner.

Report Results

Report results in accordance with Section 13.

8.

8.1

8.2

DETERMINING THE AMOUNT OF PARTICULATE LOADING MATERIAL

Calculate the Total Dust Mass

8.1.1 The Total Dust Mass (g) load shall be equal to 60 ug/m’ times the airflow rate of
the air cleaner (converted from ft*/min to m*/min) times the simulated duration of the
test.

Total Dust Mass = 60pug/m’ x airflow rate (m’/min) x 1440 minutes/day x simulated # of days

Example:

Consider a unit with a standard air flow rate of 100 cfm that is being loaded to the 90 day
control point.

Step 1: Convert the air flow rate from ft*/min to m*/min using the following conversion factor
1 ft'/min = 0.0283 m’/min

Therefore 100 ft*/min = 2.83 m*/min

Step 2: Calculate Total Dust Mass
60 pg/m’ x 2.83 m*/min % 1440 min/day x 90 days = 22,006,080 pg = 22 grams
The Total Dust Mass (for 90 days) is 22 grams.

8.1.2 Hours of operation for the air cleaner are 24 hours per day explicitly.

Prepare Mass of Dust for Loading

8.2.1 Start with a clean reservoir. Determine the total mass required for generation over
the defined test period.

8.2.2 Determine the initial mass of dust in the reservoir at the start of the test.
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8.2.3 Adjust the generation such that an equivalent mass of dust is generated over the
course of the test period to utilize the total mass required.

8.2.4 Following completion of the test, determine the final mass of dust in the reservoir.
The difference in mass between the start and end of the test is the amount of mass that
has been loaded into the air cleaner. This is loading mass:

Loading Mass = [Initial Load Mass (g)] — [Final Load Mass (g)]

8.2.5 Any dust not held in the reservoir must be accounted for in the mass balance. The
total mass of dust delivered should be 100 + 5 % of the total target mass calculated in
8.1.2.

8.3  Calculate the Total Number of Cigarettes

8.3.1 For air cleaners that have a maximum airflow greater than or equal to 50 cfm

(1.42 m’/min), use % cigarette per simulated day per 50 cfm (1.42 m’/min). To calculate the
total number of cigarettes, use the following formula, rounding the total number of cigarettes
burned up to the nearest whole cigarette:

Total Cigarettes = [1/2 cigarette x max. airflow rate (cfm) /50] x # of days simulated

8.3.2 For air cleaners that have a maximum airflow rate of less than 50 cfm (1.42
m’/min), use % cigarette per simulated day. Refer to Annex H for a diagram of the
cigarette cutter. To calculate the total number of cigarettes, use the following formula:
Total Cigarettes = 1/2 cigarette x # of days simulated

NOTE It is necessary to have at least one half of a cigarette per simulated day to ensure that there is sufficient
smoke being introduced at equal intervals throughout the dust loading.

8.3.3 More than one cigarette may be burned at the same time as required.
9. PARTICULATE LOADING PROCESS

9.1  Dustis to be generated continuously and evenly over the test period. Adjust the dust
delivery system as needed.

9.2  The appropriate number of cigarettes are to be burned at equal intervals throughout the
test.

9.3  The cigarettes are burned to within approximately 2 mm (0.08 inches) of the filter and
then extinguished.

10. INCLUDING MAINTENANCE DURING LOADING

10.1 Performance of the manufacturer’s recommended maintenance during the loading
process is optional.

10.2 If maintenance is performed during the loading process, it shall be conducted at the
appropriate equivalent time intervals that correlate to the time frames specified by the
manufacturer and according to the procedures specified by the manufacturer using the method
outlined below.

Determine the appropriate equivalent time intervals by using the following algorithm for the
periodic interval maintenance schedule. This is based on continuous loading period during a 6
hour (360 min) test period for the 90 day control point test.
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