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ABSTRACT

The resistance to airflow is one of the basic character-
istics of aerosol filtration materials. With the relatively
recent study and development of new low-resistance filters
and canisters, there was a need for an improved air resis-
tance meter. In response to this need, NRL designed a new
air resistance meter which provides accuracy, versatility,
and rapidity of measurement. It utilizes a system of three
parallel air lines, each designed to accommodate a specific
range of airflows and each with its own separate control
valve. These serve to furnish a more accurately calibrated
span of airflows up to 100 liters/minute. The instrument
is mounted on a table making a convenient semiportable
laboratory device.

This device has a pneumatically operated chuck to hold
the filter sample. The chuck provides uniformity and rapid-
ity of operation and is designed to allow inserts and other
alterations to be made easily.

The new air resistance meter can be used in conjunction
with other equipment to measure airflow resistance and
aerosol penetration simultaneously.
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Thisisafinal report on this phase of the problem; work

on other phases of the problem is continuing.
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THE NRL AIR RESISTANCE METER, MODEL II

INTRODUCTION

Equipment and techniques for measuring the resistance to airflow of aerosol filter
materials and canisters have been utilized at this Laboratory since 1941 (1). The method
involves drawing air at a known rate of flow through a canister or through a disk of filter
paper masked to a known area. A manometer attached across the canister or paper gives
the pressure differential or air resistance in millimeters of water.

Although the Air Resistance Meter, Model I is still useable, the new low-resistance
filters developed by this Laboratory have led to a need for an improved machine. The
older unit is satisfactory for air resistances of about 100 mm of water but accuracy is
poor at lower resistances. Another drawback is that the canister holder was designed
for the old B-2 canister (2) which has been replaced by the C-2 canister (3) of an entirely
different design. The operation of the paper holder is also unsatisfactory. When the
holding chuck is set for single sheets of filter paper, readjustment is required for mea-
suring resistances of fiber pads. Moreover, sealing pressure exerted on samples cannot
be standardized and varies with each operator.

An air resistance instrument was required which would provide not only a series of
standard airflows but also any desired airflow up to 100 liters/min. A holding chuck
was needed which would accommodate the new types of Navy canisters as well as filter
papers and fiber pads. A new instrument (Air Resistance Meter, Model II) has been
developed by NRL to satisfy these needs (Figs. 1 and 2). This instrument fulfills all of
these requirements and can be modified quickly and easily to accommodate a large variety
of experimental samples. One of the most useful features of the new meter is the ability
to measure air resistance and smoke penetration simultaneously at the lower flow rates.

DESIGN CHARACTERISTICS

While the basic principles of the Model I are still used in the Model II meter, a number
of improvements have been made. The original, single system with its orifice and control
valve has been replaced with three parallel air systems. The manually operated clamping
chuck has been replaced with a precision, timesaving pneumatic chuck, and the new equip-
ment has been mounted to provide a convenient, semiportable device.

One of the principal features of the new resistance meter is its three parallel air
systems, each with its own orifice, control valve, and flow manometer (Fig. 3). Air is
drawn through the sample held in the clamping chuck and is routed through one of three
paths. A different sized orifice in each system provides a low, medium, or high range
of airflow. The low range provides airflows to 17 liters/min, the medium range provides
flows to 45 liters/min, and the high range to 100 liters/min. In actual practice, however,
flow ranges are generally limited to 13 to 18, 20 to 50, and 40 to 100 liters/min respec-
tively to take full advantage of the steep portions of the calibration curves and to provide
maximum sensitivity and accuracy.

The three orifice plates have openings of 0.125, 0.194, and 0.270 inch with their
arrangement in the holders shown in Fig. 4. The holders have been designed so that they
may be easily disconnected for cleaning or replacement of the orifice plates. If desired,
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Fig. 1 - Front view of the NRL Air Resistance
Meter, Model 11

larger orifices could be used to increase the flow capacity of the equipment. Taps for the
flow manometer are located on each side of the orifice plate at a distance of one inch from
the orifice. This arrangement of pressure taps is designated “flange tap.” Since flange-
tap positions are independent of orifice diameter or the pipe diameter, different orifices
could be inserted to provide high airflow rates with minimum change in the system.

The pneumatic holding chuck is another prominent feature of the improved equip-
ment (Fig. 5). It consists of two conical jaws; the top jaw is held rigidly while the lower
is attached to a movable air piston. The movable jaw is controlled by a 6-volt solenoid
in the air line. A three-position switch (up, off, down as seen in Fig. 3) controls the action
of the solenoid. By means of flow and pressure regulators in the air line, closure rate and
clamping pressure may be adjusted over a wide range. Normally, air pressure of 20 psig
is used which is adequate to effect sealing without excessive pressure on the sample
material. The actual clamping area is reduced by use of mating ridges on the clamping
jaws. The flow regulator is set to give a satisfactory closure rate of the clamping chuck.

Although the upper jaw is held rigidly, it may be raised or lowered several inches
by rotating the screw thread and retightening the clamping nut. This may be done to
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Fig. 2 - Top view of apparatus showing the
clamping chuck and controls
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Fig. 3 - Flow diagram of the Air Resistance Meter, Model II
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Fig. 4 - Diagram of orifice plate, holder, and
flange taps

accommodate special inserts or canisters. The shaft of the lower chuck passes through
a bushing which keeps all movement in a vertical line. Vertical alighment is such that a
paper as thin as cigarette paper (1.5 mil) can be clamped and held firmly between the
jaws. The large screen of the lower jaw acts as a support for the filter material being
checked. A second screen acts as a lint trap to prevent loose fibers from entering the
system. Both screens may be removed and cleaned readily.

The new clamping chuck has other advantages over the older one. It is much simpler
to operate than the manual chuck in that filter papers or fiber mats of various thicknesses
may be run consecutively without changing the chuck in any way. Pressure applied to the
filter material is not only uniform but also measurable and controllable.

Qil with a specific gravity of 0.834 is used in all the manometers. By means of the
proper scale, however, the resistance manometer reads directly in millimeters of water.

CALIBRATION

The calibration of the resistance meter is accomplished by use of a wet test meter of
one cfm capacity. Each orifice is placed in series with the wet test meter and the pressure
drop across the orifice determined as a function of air flow rate. This procedure is
repeated for at least 12 values of airflow within the desired range with triplicate measure-
ments taken at each setting. Calibration curves are then plotted for each of the three
orifice plates. From these curves, “standard” flow rates of 16, 32, 42.5, and 85 liters/
min are marked on the flow manometer scales.

The calibration of the resistance meter is accomplished without samples in the chuck.
One source of error in the calibration is that the absolute pressure upstream of the orifice
plate depends on the resistance of the filter material being measured. Since the maximum
filter resistance which can be measured with the meter is 250 mm of water and since the
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pressure effect would diminish with decreasing resistance, a filter with a resistance of 243
mm of water at 85 liters/min airflow was selected to measure the magnitude of this effect.
With the same differential pressure across the orifice plate, airflow as measured with the
wet test meter decreased five parts per thousand with the filter in place as compared with
the original calibration without the filter. It is thus evident that the calibration of the
resistance meter is not significantly affected by the resistance of filter materials in the
range for which the meter was designed.

The reproducibility obtainable with the meter is excellent in that replicate samples
give values within 0.2%. The accuracy as determined by the use of auxiliary manometers,
standard rotameters, and by comparison of standard filters with the original equipment
is estimated to be less than the limitation of reading the resistance manometer, or approx-
imately 0.5 millimeter.

OPERATION

To operate the machine, the bypass valve (Fig. 3) is set on “atmosphere” and the
vacuum pump started. A rubber gasket is inserted to insure sealing of the clamping chuck.
The control switch is movedtothe “up” positionto effectclosure of the chuck. The control
valve on one of the three systems is opened and the desired flow rate established by
adjusting this valve. The resistance manometer is then adjusted to give a zero reading,
thus compensating for the pressure drop across the empty chuck and the screens. The-
oretically, a zero setting would be necessary for each flow used, but in actual practice,

a zero setting for each flow channel is sufficiently accurate. After the zero adjustment, the
switch is pushed to “down” position to open the chuck and the rubber gasket is removed.

After the sample is inserted in the clamping chuck, the chuck is closed and air is
drawn through the sample at the desired rate of flow. Air resistance in mm of water is
read directly from the resistance scale. The chuck is again opened, the sample removed,
and another inserted. Special sizes or shapes of filter materials are accommodated by
an adjustment of the semirigid jaw of the clamping chuck, or by fabricating auxiliary
inserts.

Tests should be made periodically to determine leakage, if any, of the control valves
in the unused flow channels. With full vacuum from the pump and all three control valves
closed, a 200-cc-capacity rotameter connected to the atmosphere upstream of the valves
showed no measurable leak after more than a year’s operation of the equipment.

Simultaneous measurement of air resistance and smoke penetration is accomplished
by attaching a connecting hose from the NRL E-3 Smoke Penetration Meter (1) to the
“atmosphere” side of the bypass valve of the air resistance meter. The vacuum pump
of the smoke meter draws air through both systems with resistances and penetrations
being observed.

REFERENCES
1. Knudson, H.W., and White, L., “Develcpment of Smoke Penetration Meters,” NRL
Report P2642, Sept. 14, 1945

2. Bogardus, H.F., “The Navy Diaphragm Gas Mask Canister, Type B-2,” NRL Report
P2876, May 15, 1946

3. Bogardus, H.F., “The Development of Low-Resistance Lightweight Gas Mask Canisters,”
NRL Report 5349 (Confidential Report, Unclassified Title), Oct. 1959
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