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yielded a maximum coefficient of variation of 7% with typical
values of 2%. Samples from top ports averaged 95% of those from the

L side ports .
Utility of the chamber for field te~ting wps demonstrated by show—

• ing that the performance of Aerotec ~~/4~” cyclones and Unico 240cyclones,operated at their rated flows, varied significantly.
00 0 

Size distributions, determined by an Andersen Sampler, were found I
to be approximately log-normal with the exception of the Nebulizer 1• aerosol . The mass median diameter aerodynamic diameter was

0~ slightly greater in the lower portion of the chamber , confirming
the settling of coarser dust suggested by the total mass concen-
trations from side ports being less than those from •eop ports .

0~~~ Some deficiencies in ease of sampling resulted in an improved
chamber design. j
This report includes a complete description and detailed operating
instructions as well as data and test results.
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An aerosol chambet was designed, constructed and tested with each
of three aerosol generators. A Nebulizer was provided for liquid
aerosols, A Wright Dust Feed for long-term dust generation, and a
Fluidizing Generator for short duration, high concentration dust
aerosols.
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An aerosol chamber was designed, constructed and tested with

each of three aerosol generators. The chamber, cylindrical with
• a conical bottom section above an aerosol mixing section, had

a volume of approximately 0.45 cubic meters. The chamber had 8
sampling ports on the top and 14 sampling ports on the side, per-
mitting up to 22 samples of different types through the ports. A• shielded strontium-90 source was contained in the aerosol supply
line to electrically discharge the aerosol. Airflow through the
chamber was provided by a centrifugal compressor and controlled
by valves in the system. Exit air from the chamber was fi1ter~dbefore discharge.

Three aerosol generation systems were furnished . A nebulizer
was provided for aerosols produced from liquid solutions, a
Wright Dust Feed for long-term dust generation, and a fluidizing
generator for shorter period, high level dust concentrations.

• Uniformity of distribution of aerosol concentration throughout
the chamber was tested by operating the chamber with aerosols
generated by each of the systems. For samples collected from the
side ports at 4.5 cm from the side wall , the maximum coefficient
of variation (100X standard deviation/mean) was 7% with typical
coefficients of variation of 2%. Samples from the top ports
averaged 95% of those at the side, but coefficients of variation
for top port samples were similar to those from the side ports.

In a demonstration of the utility of the chamber for testing
field sampling equipment, a series of runs was made with two

• types of size-selective samplers for sampling “respirable” dust.
Aerotec”3/4” cyclones operated at 25 liters/minute passed
averages of 44%, 40%, 40% and 39%, respectively, in four
runs . Unico 240 cyclones operated at 75 liters/minute passed
averages of 57%, 54%, 54% and 58% , respectively, in the same four
runs. Thus, it was demonstrated conclusively that at their rated
flows, the performance of these two devices was significantly
different.

Size distributions were determined by Andersen sampler for each
run. It was found that the distribution of dusts generated was
approximately log-normal, but the nebulizer does not produce an
aerosol with a log—normal size distribution. The mass median
aerodynamic diameter of dusts was slightly greater in the lower
portion of the chamber, confirming the settling of coarser dust
suggested by total mass concentrations from side ports being less
than those from top ports.

Deficiencies noted in the aerosol chamber included the inability
to conveniently place complete sampling devices inside the chamber
for test, and a somewhat awkward situation for loading samplers
from the top. Although opening and closing of the chamber top was
made considerably easier when the initial stainless steel top was
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• •

- replaced with a lighter gauge top, other problems remained.

To improve usability of the chamber while not disturbing its
excellent aerosol mixing and aerosol cloud uniformity, a new• chamber was ordered incorporating all the features of the chamber
tested, with the addition of a side wall door, a removable grille
inside the chamber for placement of sampling devices, and a top

• further redesigned for ease in opening and closing.

This report includes a description of the chamber and aerosol
generators with operating instructions, detailed data on testing
of the chamber , and a discussion of test results.

The chamber to be delivered to the Army with its aerosol
generation systems should meet all the needs of the industrial
hygiene unit for testing field equi~Sment and for training per-sonnel in the use of aerosol sampling equipment.
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INTRODUCTION

Aerosol chambers have had a wide use in the f ield of industrial
hygiene, both for research, and in the practice of field indus-
trial hygiene. Research uses include the toxicology of airborne
particulate materials occurring in industry, where aerosol chambers
are necessary for the exposure of experimental animals to clouds
of aerosol alone or in combination with gases or vapors. Also,
chambers are used to contain aerosol clouds for determination of
such chemical and physical properties as reaction rates, coagu-
lation rates, changes in surface area or surface properties, and
the effect of electric charge on the properties of clouds .

Aerosol chambers are of even more use to the practicing, field
industrial hygienist, for they allow the development and testing
of field methods without the difficulties, complications, delays
and expense involved in initial testing of these methods in in—
dustrial installations. Collection efficiencies of sampling
devices can be determined by the use of the devices in an aerosol

0 cloud while actual concentration and size distribution are deter-
mined by methods of known accuracy. Air samples having known

• 
0 

mass and composition can be prepared to test analytical laboratory
procedures. Commercial air samplers can be quickly tested before
field use to assure satisfactory operation. Comparisons of
commercial or particulate sampling devices developed in-house can 

-
be carried out to compare results with one another and with
“standard” devices. The operation and use of particulate sampling

L devices can be demonstrated to personnel being trained in evalu-
ation of potential airborne particulate hazards in industry. In
fact, when such a chamber is available it is difficult to visualize
how operations had been carried out in its absence.

• To carry out the potential uses of an aerosol chamber it is
necessary to have not only the chamber, but methods of generating
a range of concentration of a variety of liquid and solid aerosols.
Although not absolutely essential, it is desirable to have some
method of monitoring the aerosol in the chamber (such a monitoring
device was not included in this contract, but recommendations for
a suitable device are included in the report). It is necessary to
have means of controlling and measuring the dilution airflow

“, ‘ through the chamber . It is necessary to know the distribution of
- 1 aerosol concentration throughout the chamber so that the variance

of concentration to be expected at different sampling ports can be
predicted . The system must be designed so that aerosols of moderate

: ~
- toxicity can be introduced into the chamber and the airflow dis-

charged without creating a hazard to the operator or to others.
However, extremely toxic or hazardous aerosols such as radioactive
materials in greater than tracer amounts or pathogenic micro-

• 0 organism require elaborate precautions and redundant safety pro-
visions beyond the scope o~ an aerosol chamber for industrial• hygiene use. The chamber in this contract is designed to handle
materials of a toxicity up to those ordinarily found in industry
such as lead , quartz , asbestos and cadmium. It is also necessary

—8—
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to have a written description of the chamber and its appurtenances
so that the use of the chamber is not dependent upon the avail-

• ability of only one or a few individuals.

In the context of the above requirements, under this contract
we undertook to design, and construct an aerosol chamber based
upon the experience in the use of aerosol chambers in human and

0~ 
animal exposure experiments conducted over the past 40 years in
the Kettering Laboratory and the experience of others. Aerosol
generation systems for use with the chamber were to be selected,

- - 
modified or developed as necessary. The aerosol generation
systems were to be operated and the variance in concentration
throughout the chamber determined by collection of simultaneous

-~~ samples at the various sampling ports. Based upon the results of• - 1 testing, a new chamber was to be designed and constructed. The
0 better of the two chambers was to be delivered to the Army En-

-~~ vironinental Hygiene Agency with the generation systems, including
a description and operating instructions for the chamber and its
appurtenances.

• This final report includes the description and operating in-
~~ I 

structions for the chamber and three generating systems. It also
• ( includes the results of testing of the chamber using each of the

three generating systems. All testing was carried out using the
first chamber. The second generation chamber incorporates a side

• 
0 

access door, a sampling equipment shelf inside the chamber, and
- • an improved top. No changes were made which would change the

performance; all changes were to increase flexibility and con-
venience in the use of the chamber. • 

0

r SYSTEM DESCRIPTION

General Components and Flow.

The general aerosol system consists of two separate assemblies:
N 4he chamber, pump -and filter car~ (Figure 1), and the generator
~: J .art. (Figure 2). The general flow diagram of the aerosol system

is shown diagrammatically in Figure 3, to which the following
paragraphs refer. The assembly drawings for the aerosol chamber,
mixing chamber and the chamber top are shown in Appendix I.

~: ~. The aerosol chamber (G) is a 28” diameter by 42” high cylinder
-

~~~ 

0 

with a conical transition piece attached to the bottom of the
cylinder. At the end of this 8” conical transition piece is the

• • mixing assembly (F). Here the aerosol stream is fed into one side
of the small cylinder and clean air is fed from the other side.
These two inlets are placed longitudinally to the outer edge of
the mixing chamber allowing for optimum air mixing in a small —

space. -

From the mixing area, the air flows up and through the chamber
past sampling ports on the chamber side and out through an exhaust
port located centrally on the top of the chamber. A hinged top

-
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Figure 1. The chamber, pump and filter cart
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Figure 2. The Generator Cart
(shown on left is the fluidizing
generator with dilution cylinder

-
. attached; at right is the DeVilbiss

Ultrasonic Nebulizer)
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allows for easy access into the chamber , facilitating the mounting
0 of test equipment on the inner wall of the chamber or the inner

- 
- side of the top. Note: Access to the chamber is further

facilitated by a side access door in the second chamber.

Connected to the exit port of the chamber, there is a multitube
filter assembly (H) to remove the particulate from the airstream.

-- - Following the filter is a centrifugal blower (J) with a bleed
• valve on both the inlet (I) and outlet (K) sides. The chamber

airf low rate is measured by the Venturi meter (N) on the upstream
or inlet side of the chamber. Course adjustments in flow are

• readily made with an inline restricting valve CL) just before the
prefilter (M). Finer adjustments can be made by manipulation of
the bleed valves associated with the blower. These valves also

- regulate the static pressure within the chamber. With contami-
- 

. nant air flow off and both valves closed, there is a positive
pressure in the chamber and as the flow rate is increased, the
possible pressure in the chamber will increase to several inches of
water. The outlet bleed valve must always be at least partially
open to maintain a negative pressure in the chamber and compensate
for the generator and dilution air supplies. Table I charts

1 • conditions in flow and in static pressure associated with extreme

ri 
valve positions in the absence of contaminant air flow.

- In all cases the air bled of f the system should be vented to a
hood or other exhaust system as indicated in Figure 3. The post
filter is better than 99% efficient in removing particulates but
as a safety precaution proper venting of the waste airstream should

r - be required.

- 

- 

0 TABLE I

• CHAMBER PRESSURES AND AIRFLOWS AT EXTREME
BLEED VALVE POSITIONS - INLINE VALVE OPEN

Valve Position Chamber Chamber
4 

Inlet Outlet Flowrate Pressure

1. Closed Closed Full Positive

2. Open Closed - Full Positive

3. Closed Open • Reduced Negative

~~ 
4. Open Open Reduced Positive
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Sampling Ports.

The chamber and its top are designed so that symmetrically
T1 - located samples may be collected simultaneously and be compared-

to each other for mass concentration.

-
. 

As shown in Figure 4 on page 15, if a line is established as a
- j reference for all sampling ports in the top and the main body of

the chamber , the fOllowing ports are available for sampling:
• 

-

- a) On the chamber top at a radius, of 10M g

1. starting 30° from the 0° line, counterclockwise and
• 

- 90° apart ,four holes accommodating 1/2” stainless
steel full couplings which protrude on both sides of

- the top. Moving clockwise from 0° these ports are
identified as Tl, T2, T3, and T4.

0 2. starting 75° counterclockwise from the 0° line and
900 apart~ 4 each 49/64” diameter holes, identified
as TD, TA , TB , and TC moving clockwise from 0° .

• b) In the sides of the chamber body:

1. Four holes for 1 1/4” stainless steel half—couplings
located 81 cm up from the bottom 90° apart, starting
at the 0° line . These ports are numbered 2 , 4 , 6,
and 8 moving clockwise from 0°.

1 2. Four holes accommodating 1/2” stainless steel half—
couplings also 81 cm up from the bottom 90° apart ,
starting at 30° counterclockwise from the 0° line ,
numbered 1, 3, 5, and 7 I~toving clockwise from 0°.

- 3. Four holes for 1” stainless steel half—couplings
25 cm up from the bottnm 90° apart, starting at

• 

0 450 counterclockwise from the 0° line , identified as
Ll , -L2 , L3, and L4 moving clockwise from 0° .

4. Two holes for 1” stainless steel half-couplings
• 45 cm up from the bottom 180° apart, starting 45°

counterclockwise from the 0° line, identified as
Ml and M2 moving clockwise from 0° .

- Radioactive Source. -

A Strontuim-90 radioactive source (E) has been placed in line
• between the dilution cylinder of the dust generating system CD)

and the mixing head (F) on the bottom of the large chamber. This
source with an activity of 100 mCi and a maximum 8 energy of

~~ ~~~- 2.27 MeV is in the form of a ceramic pellet sealed in a welded
stainless steel capsule, with a window thickness of 0.05 mm . The

~~ 
capsule has been glued with epoxy to a 3/4” national pipe thread

- (wall thickness 0.337”) steel pipe of 14” length. The inside wall

-14-
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has been lined with 1/4” plexiglass to reduce the generation of
-

• bremsstrahlung radiation. The source is used to remove the static
- charges produced in the generated aerosol and to remove any

charge effect on sampler performance.

- 
~erosol Generators.

Three particulate cloud generators are supplied with the aerosol
-
~ 

- system: The DeVilbiss Ultrasonic Nebulizer ; the Wright Dust Feed;
- and the Fluidizing Generator . The first two generators are well

described in the literature provided in Appendix II of this report
and are only briefly described below. The Fluidizing Generator

- is a relatively new method of dust dispersal; therefore , its
operations are discussed in more detail. - - 0 - - -
DeVilbiss Ultrasonic Nebulizer: The ultrasonic nebulizer is ~device that is able to produce high output concentrations of water

or other liquid solutions. It has definite advantages over con-
- 

- ventional air blast nebulizers; notably that it produces higher
• - concentrations of aerosol, and that it has no small orifices which

clog easily. The unit consists of a chamber fitted with a flexi-
ble plastic diaphragm at its base. The chamber has air inlet and
outlet ports in the side and top. The whole chamber assembly rests
in a water bath containing an ultrasonic generator (operating at
1.35 MHz). The water couples the 1.35 MHz transducer to the
solution inside the aerosol chamber through the flexible plastic
diaphragm. The resulting ultrasonic energy produces dispersion

-• of the aerosol solution. A cone or fountain effect is visible
• through the chamber top when the ultrasonic generator is operating , -

and the resulting droplets are swept away by the airstream admitted
I and exhausted through access ports (1).

~~~~

- I In our use of the nebulizer, the clean air was introduced through
t ~• the side port at a rate of 50 liters/minute and directed the aero-

sol stream out through the access port on the top of the device.
Immediately after exiting the nebulizer, the aerosol stream was
further diluted by approximately 56 liters/minute of dry air in

- the dilution cylinder before passing into the bottom of the test
chamber. The dilution assembly is described in another section
of this report.

In our application of this generator,isopropyl alcohol was used
to dilute the uranine (disodium fluorescein) to 14% by weight.• Further dilutions were accomplished with distilled water. The
isopropyl alcohol-water mixture was used to assure rapid evapora-

- tion of the liquid portion of the droplet. In our normal procedure, 
-- - uranine solutions of 1.75% weight percent were nebulized in the

generator. The use of uranine as an aerosol allows the use of
spectrophotometric analysis techniques rather than weighing for
the resulting aerosol. Filter samples can be obtained, diluted
with a known volume of distilled water and the uranine concentra-
tion determined using a conventional spectrophotometer , 1 cm cell

____ 
length, set at 490 run wavelength. The optical density determi-
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*1 nation on the elution from the sample filter is compared to a
calibration curve (see Appendix III) and the concentration of

7 uranine in micrograms per milliliter of solution is determined .
The usable range of concentrations covered by the calibration
curve used was from 0.1 to 8 ~g/ml.

Wright Dust Feed: The Wright Dust Feed is perhaps the most
common dust redispersion device used today. This system, as
depicted in Figure 5, exhibits the classic advantages and dis-
advantages of redispersion methods. Dispersion of nearly any
material powderized to less than 20 urn in diameter can be
accomplished by filling the dust container (A) with the powder
and packing it with a rammer or press. The filled container (A),
screwed snugly into the cap (B) is screwed onto the top of the
threaded spindle (F). A motor CS) runs at a constant speed of
1 revolution per minute. The system generates solid aerosol
particles by the scraping action of the cutting edge (0) against
the packed sample of the particles, permitting the particles to be
swept from the unit by dry air (2). Again, as in the nebulizer,

0 the aerosol stream was further diluted in the dilution cylinder
- • with 56 liters/minute. -

The rate of feed to the airstreain is adjusted by two methods.
First, the container (A) may be used at full capacity or with an

0 inset aluminum liner which effectively reduces the capacity of
the container eight times. Secondly, a number of standard gears
may be interchanged at “U” , “V.’, “W” , “X” and “D” to yield gear
ratios ranging from 15:1 to 1:15 (2). The gear ratio required in

- 0 

any one dynamic system to produce a given concentration must be
determined experimentally. The mechanism is meant to run con—
tinuously without attention and will automatically disengage when
the container (A) is empty. Other safety precautions are built
into the mechanism to prevent overloading of the motor. Good
practice prescribes several limitations to the system. Hygro-
scopic dusts should be avoided to limit agglomeration problems.
Similar)y, fibrous dusts can accumulate on the scraper and clog
it. A&~itional problems of agglomeration and clogging will occur•if the compressed air supplied to the device is not of the highest
quality. To assure adequate dispersion excess moisture or oil in
the compressed air supply must be removed by filtration and drying
agents. The air pressure necessary to operate the dust filter

• depends partially upon the volume of dusty air required in the
system. However, pressures less than 3 psi will not completely
disperse the dust and should generally be avoided. As recommended -

in the instruction manual for the device, 10 pounds per square
inch gauge (psi) was used in the testing of the system. Careful
attention to the dust and air source should help assure few break-
downs and minimum maintenance.

h: As in most aerosol generation systems, there are certain areas
where careful attention to detail is necessary. Since the output
of the generator largely determines the aerosol concentration and
stability with respect to time, poor technique in pressing the

4 0
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Figure 5. The Wright Dust Feed •(2) 
-

A. Dust Container 
- 

0. Scraper Blade -

B. Cap -Q. Outlet nozzle (contain-
- C. Long Pinion ing baffle)

- D. - Gear on Threaded Spindle R. Main Spindle clamping 
- •

E. Small Pinion nut
-
‘ 

F. Threaded Spindle S. Synchronous Motor- t O
- G. Main Spindle T. Gear Plate
• H. Air Inlet Connection U. “Driven” Gear

- 
- J. Dust Tube V. “Driving” Gear

~~~. Scraper Head W. Counter Shaft
N. Spring Ring 

0 

X. Cross Shaft with fitted
- Gear

- - 
Y. Motor Spindle Gear
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powder into the cup can produce large fluctuations in concentra-
tion. Excessively porous or non-uniform powder charges may be
eroded rapidly by the airstream. If the powder surface is too

- hard, on the other hand, it may not be cut uniformly by the scraper
blade. Despite careful technique in preparing the dust plug, un-
even dust generation occurs frequently as will be discussed later.

Fluidizing Dust Generator: The fluidizing dust generator is
pictured in Figure 6. It is composed of two linked, but separable

• assemblies (the main body or fluidizing chamber and the dilution
-

• cylinder). The fluidizing chamber is fashioned from aluminum into
a cylinder with a six inch inside diameter (ID). Fluidizing is

- accomplished by a 3-inch 10 blade fan mounted on the shaft of a
high-speed motor, which fits into the conically shaped base plate
on the bottom of the apparatus. Here, at opposing points, two
holes have been drilled as access points for a bottom air feed,
which both aids dispersion and deters agglomeration of particles.

0 The air-dust suspension is prevented from collecting along the
inside of the aluminum cylinder by means of two geometrically
opposed spring loaded wiper blades attached to a center shaft
(Figure 7). Rotation is accomplished by a small motor located at
the top of the plastic top assembly. A 5/8” diameter hole, 2”
of f center, and drilled through the top of the assembly allows

• the dust cloud to be moved directly to the dilution cylinder
C through a rubber tubing connection. The dust cloud first enters

into a small cylindrical inset at the very base of the dilution
— chamber. Here air supplied into a circular ring by two hose in-

lets at the rate of 56 liters/minute is mixed with the dust through
four dilution inlets located tangentially and spaced 90° apart

• (see Figure 8). Thus further dilution and mixing takes place
before the dust cloud is finally piped directly out to the dust
chamber through a centrally located exhaust outlet on the top of

• the assembly.

Loading of the fluidizing syst~in is simply accomplished. The
- J hose which feeds the air-dust mixture into the dilution cylinder

is removed, and dust is fed through a funnel whose stem piece fits
into the resulting hole on the plastic top assembly. When loading
quantities of dust in excess of 50 gins., dust tends to pile up on
the floor of the base plate partially encompassing the wiper
blades. It is important to keep the blades running when loading
to prevent the motor from stalling during start-up procedure.

• Alternatively, dust may be loaded en masse simply by spilling
the total load into the fluidizing chamber with the top removed.
Again, in order to prevent the wiper blade motor from stalling, 

•
0

it is necessary to clear any dust load from the outer edges of the
base plate, before securing the top.

Dust loadings from 50-80 grams per run successfully used in the
testing of this generator.

- 2.7 liters/mInute of bottom feed air and 22 DC volts supplied to

- 
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Figure 6. The Fluidizing Dust Generator
- with Dilution Cylinder Attached

- (power source for fluidizing blade
- pictured at left)
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Figure 7. Spring Loaded Wiper Blades of
Fluidizing Generator
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FigUre 8. Top View of Dilution Cylinder
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- (note the four tangential air
inlets)
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- the fan motor (equivalent to 4700 rpm ) are the normal operating
values for the apparatus. By visual inspection through the

- 
- plastic top assembly of the fluidizing chamber, these parameters

- were chosen as they seemed to give optimal mixing of the dust
-

• 

• load without excessive impaction on the roof of the chamber.
Voltages less than 8 volts caused stalling of the fan blade with
normal dust loads. Similarly, by visually observing the mixing
action in the dilution cylinder, 56 liters/minute was chosen as

— - the optimal dilution rate. At this flow rate, a cyclonic mixing
- ‘ action was observed in the cylinder which in addition to producing

- an optimum mixing action, was responsible for knocking out
agglomerates and/or larger particles to the bottom of the cylinder.

]- I Respirator use is required for the loading procedure to prevent

~ ~
—j exposure to the dust used, especially if spillage should occur.

- It is further noted that although the whole generating system
routinely operates at negative pressures, respirators should be
nearby in case of system malfunctions (clogged or crimped hoses,
etc.) as the system is not leakproof.

- 
~~~

- I SYSTEM OPERATION

/ Selection of Aerosol Generator.

Basically only two factors come into play in choosing the
appropriate aerosol generator for this system . These are first,
and most importantly, the type of aerosol needed to be generated;

- • and secondly, the length of time one wishes to generate the aero-
sd cloud.

The nebulizer is an obvious choice for those substances such as
uranine or simple table salt (NaCl) which are easily dissolved in
a liquid solution. Relatively high and steady concentration out-
puts are possible. The DeVilbiss Ultrasonic Nebulizer has the
additional advantage of being able to produce aerosols for very

- lengthy periods as attachments a~e available which allow for a- continuous flow of solution into the aerosol chamber from a

- 

reservoir .

I The choice of generators for dusts is less easily made. How-
ever, features of both the Wright Dust Feed and Fluidizing
Generator are advantageous in specific situations. The Wright
Dust Feed can produce an aerosol stream for lengthy time periods
while higher concentrations of dust can be produced with the Fluid-

- izing Generator. With the dust cylinder about 2/3 packed and oper
ating at a gear ratio of 36:36:36:54, the Wright Dust Feed can be

- expected to operate up to 20 hours. The Fluidizing Generator cannot
- operate without a significant loss in output for more than 60 minutes.

This unit is expecially advanta~~3us for those dusts which mightresist packing (e.g., Attacote, produced by Attapulgus Clay Corn-
pany) and are, therefore, nearly impossible to use with the Wright
Dust Feed. 

- 

- - -
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Operation.

DeVilbiss Ultrasonic Nebulizer : Detailed instructions for •
- - servicing and operation of this unit are available in the

Appendix. However, the following steps summarize the procedures
for operation and can be easily followed after a basic familiari-

• 

- . zation with the unit.

1. Fill the base of the unit (the couplant compartment) with
water to approximately 3/4” from the bottom. During operation of

- 
- the unit , a red light will light if additional couplant needs to

I

. ~~~ 
be added.

2. The solution is added to the nebulizing chamber through the
top, which is easily both removed and secured. For a single run,
no more than 180 ml of solution can be added so as not to exceed
a level just below the air supply inlet.

3. Place the nebulizer chamber in its proper position in the
couplant compartment.

4. Plug one of the two elbows protruding from the nebulizing
chamber. The other is attached by rubber or plastic tubing to
an appropriate air supply.

5. Attach the pipe extension from the nebulizer top to the
bottom of the dilution cylinder.

6. Select the desired power setting. Power settings determine
the volume of aerosol output and are experimentally determined.

• When operating at lower power settings it is necessary to momen—
t~rily increase the setting to initially create the aerosol geyser.• The power setting may then be reduced to the desired operating
setting (1). The maximum power setting of 10 was used in our

-
~~ experimental procedures.

7. Recheck all attachments. The unit is then ready to turn on.

Wright Dust Feed: Detailed instructions for servicing and
operating this unit are available in the Appendix. With familiari-
zation of the unit, these basic steps are easily followed (refer
to Figure 5, page 18): -

1. Select the gear ratio desired and attach appropriate gears
at X, 1, and V.

— - 2. Fill the container (A) with dust and pack to desired pressure.
Screw the dust cup (B) to the top of the threaded spindle (F) as 0

far as it will go and then screw the container (A) into the cup.
Screw the container until contact is made with the scraper head (K)
indicated by a slight resistance. Push the pinion (C) to engage
the pinion (B) with the wheel (D).

3. Attach the air inlet hose to the air supply (10 psi gage

— 24—
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recommended). Attach the air outlet to a hose connecting it
with the dilution cylinder.

-

• 4. The unit is ready to operate by:
~~

•

~~

••• 
I
t

a. turning on the air supply and

b. turning on the mechanism

Fluidizing Dust Generator: -

- 

1. Load the desired dust load into the fluidizing chamber en
masse with the top removed or with a funnel through the hole left
by removing the hose which leads to the dilution cylinder.
Remember to operate the wipers while loading.

2. Secure top. _ - 
-

• -_ 3. Hook up the hose from the top of the fluidizing chamber to
the dilution cylinder.

• 4. Attach the bottom feed air hose to the fitting provided and
to the appropriate air supply.

• 5. Set the voltage operating the fluidizing blade. (22 volts
‘P recommended) .

• 6. Check all connections, make sure the top is secure and the
wipers are operating .

7. The unit is now ready for operation. Generally the air
I supply is turned on before starting the fluidizing blade.

Chamber Start-Up and Operation: The chamber requires only a
few simple steps to assure safe operation (see Figure 3, page 12).

1. All sampling equipment should be placed and secured in the
- 
‘
~~ proper position.

2. Check that all ports are sealed to assure a leakproof
r31 - operation . 0

3. Close the chamber top and secure by closing the clamps
provided.

- 
4. Attach the hose from the chamber exhaust port to the piping ~leading to the after filter.

5. Check to see that the hose from the dilution cylinder (D)
is connected to the piping leading to the radioactive source (E).

6. The chamber is ready for startup. To start the chamber, -

the pump is switched on and the associated valves are adjusted
to give the desired flow ratio and pressure. Further adjustments •

may be needed when the sampling equipment is turned on.
- —2 5— -
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7. Normally, the aerosol generator (B) startup follows chamber
startup. When assured the generator is working properly , b~anqIling
equipment is turned on and the time noted.

8. Operation involves only periodic checking of all systems to
assure they are operating.

When the sampling units and pumps are turned off, flow through
the chamber should continue for approximately 10 minutes to assure
adequate flushing of the system.

- 

- 

PROCEDURES AND EQUIPMENT FOR SYSTEM TESTING

- System Parameters.

- The prototype test unit which was used in initial runs (Ml through
M5) utilized a water manometer connected to an orifice meter to

b monitor air flow through the chamber. The air flow through the
chamber was approximately 0.02 meters3 per second as indicated

- on the manometer by 4.0”  :T2o. This clean air flow rate could only
be adjusted with an inlet bleed valve on the pump. Control of -

static pressure in the system was, therefore, impossible. However,
I 

a static pressure in the aerosol chamber of -4.0” H20 was associated
with the 40 cubic feet per minute rate. The final system configu-
ration, in which a Venturi meter replaced the orifice meter, and
in which two bleed valves and an inline restricting valve were

- added to the piping arrangement, was utilized for all other runs.
-
‘ -

_ As previously mentioned, this allowed for variable flow rates
-
~ while also controlling static pressure. Rates varying between

24.5 and 51.0 cubic feet per minute were routinely used in the
series runs while static pressure was held at -1.0” H2O. For
each generating unit, runs were made at 0.012, 0.016, 0.020 and --
0.024 cubic meters per second.

Sampling Equipment.

-~~ Total dust sampling was performed using Gelman 47 mm filter
holders with Whatman 47 mm glass fiber filters. In the routine

- configuration, one of these sampling units was mounted at each of
the eight ports located 81 cm up from the chamber bottom. These
filters, mounted using 1/2” aluminum tubing and the appropriate

- Swagelok fitting, protruded approximately 1-1/2” from the chamber
• wall. Sampling was also performed with the filters arranged

-
~~ spirally within the chamber. Starting with a filter 2” away from

- the wall and moving clockwise, each successive filter was moved
2” closer to the center of the chamber so that the seventh filter
was centrally located. The eighth filter was placed as near the
wall as possible. This resulted in arr arrangement as pictured in
Figure 9. This arrangement provided an easy method for deter-
mining whether dust concentration varied with the distance from
the side wall.

~~~- to The -eight filter samples were connected by rubber tubing to an
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eight branched , multi-sampling unit; each branch contained a
critical orifice constructed from a hypodermic needle (Figure 10) .
This particular system had two distinct advantages. First, it
assured the collection of simultaneous samples as-only one pump
was needed to draw the air through the orifice for all eight
samples. Secondly, identically constructed critical orifices -

allowed dust collection at approximately equal flow rates
(ranging from 4.56 to 4.78 liters/minute . Thus , any sampling
errors due to differences in rates and/or techniques were mini-
mized. Sampling was also performed with filter holders screwed
directly onto the multiport unit, and this assembly mounted
directly in the chamber through port 6.

Sampling from the chamber top was done in a similar manner.
Filter holders were placed from 2”—2.75” from the top to approxi-
mate the sampling inlet location of the cyclones which were tested

• in several runs. Again, critical orifices constructed from hypo-
dermic needles were utilized, but, flows were larger and covered
a wider range - from 9.40 liters/minute to 12.24 liters/minute.

- - - Calibration of all of these orifices was accomplished using a wet
test meter .

t

Aerodynamic sizing of the dust cloud within the chamber was
accomplished using a seven-stage Andersen sampler (Figure 11).

- • This instrument operates by drawing an airstream through a
series of identical jets against a filter plate set at right angles
to the jets on which a Whatman 41, 7.9 cm ashless filter paper is
placed . In the next stage , air moves through smaller jets at
higher velocities, continuing this process through seven stages.
Larger particles are impacted on the first stage from the largest
jet, and successively smaller particles are impacted on succeeding

- 

• 

stages. A backup filter collects particles too small to be im-
pacted on the last stage. An Effective Cutoff Diameter (ECD)
exists for each stage. This is the aerodynamic diameter at which

-- - 
50% of the particles are impacted on a given stage (3). Knowing the
mass deposited on each stage and the corresponding ECD, the mass
median aerodynamic diameter (MMAD) and the standard geometric devia-
tion are easily calculated. The Andersen sampler was operated at
28.3 liters/minute (1.0 cfm). ECD ’s for this flow rate are as
follows (3):

Stage No. ECD (micrometers)

2 5.35
3 2.95
4 1.53

5 0.95 -

6 0.54
7 0.24 -

-1•~-
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A Sinclair -Phoenix aerosol, dust, and smoke photometer was
used to characterize short-term concentration fluctuations and
general system performance. This unit, which instantaneously

- determines concentration, was connected to a Cole-Parmer Mark Iv
strip chart recorder giving a continuous record of the variation
in concentration during any given period. The meter reading is
a function of the small angle forward scattering of light by dust
particles (or any aerosol) dispersed in a gaseous medium and con-

- - tinuously drawn through a dark field illumination chamber. For -
any given dust cloud, assuming its physical characteristics re- •

main relatively constant, the instrument reading is proportional
to the logarithm of the relative mass concentration (4). The
full—scale deflection on the meter is 5 units and 10 units on the
recorder. Thus any meter reading is doubled on the strip chart
record. Although the device is sensitive within an extremely

- - wide range of aerosol concentration, it was used in this test
only as a relative guide to the mass concentration in the chamber.

-
- 

The instrument calibration drifted with time and/or use up to
0.5 units meter scale requiring recalibration of the unit with

- 

- 
- each test run. Because of this and the fact that meter readings

- •
~ 

are logarithmic, no effort was made to equate chart reading with
exact concentration.

K j
I 

- 

Two different types of cyclones, the Unico 240 dual inlet model
p 

- and the Aerotec “3/4” model, were available to collect samples in
1 several of the latter test runs. Up to four Unico 240’s were

4 attached to the chamber top so that the middle of the sampling
j inlet extended 2-3/4” down from the chamber top in the 3/4” ports

(TA,TB,TC, and TD) located on a 10” radius from its center. Two
Aerotec “3/4” cyclones were also fitted into the chamber top,
screwing directly into the inner half of the full coupling at the
appropriate ports (Ti and T3). Filter holders containing 47 mm
Whatman glass fiber filters were mounted to the upper half of the
coupling. Alternatively, these cyclones were threaded directly

F 
into the side of the chamber from the outside at ports 3 and 7

-
~ with the filter holder mounted d~rectly atop the cyclone. This

position resulted in wall sampling. Flow rates of 75 liters/mm-
ute for the Unico 240’s and 25 liters/minute for the Aerotec “3/4”s
were measured with conventional rotameters -(Dwyer) incorporating
needle valves for flow control.

Weighing Filters.

Whatman 47 mm glass fiber filters were weighed on a Mettler M5
SA six-place balance. The Whatman 41 nun filt€rs from the
Anderson sampler and the Whatinan 10.16 cm glass fiber filters from
the Unico 240’s were weighed with a Mettler Hl0 four-place balance. -

- - 
-
- Filter weights were determined only after setting in the appropriate
- balance room for at least two hours to minimize errors due to

moisture gain or loss. Blank filters were used and treated like-
wise; any differences in pre— and post-weighings were subtracted
out from the samples if significant.

—31—
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4 RESULTS

- 
Data Classification.

Each run in Appendix IV and data tables is referred to by a
capital letter (M, N, W, or F) and a number. A run designated by

- the letter M means that these data were compiled either when the
chamber was not in its final test configuration or before the
standardized settings with each generator were chosen. Nine such
data runs were completed and they are numbered sequentially 1

- 
- through 9 as they were performed. The letters N, W, and F are

used to classify data collected with the chamber system in its
final configuration and with the standardized generator settings
(power , air-flow, dust loading, etc.). Air flow through the

0 chamber was the only variable parameter. Each of these capital
letters refer to a particular generation method as follows: N-
the DeVilbiss Ultrasonic Nebulizer, W-the Wright Dust Feed, and

1 ‘ F—the Fluidizing Generator. Numbers after each particular letter
refer only to the order of the data run . For example, F3,

- designates the 3rd data run completed with the Fluidizing Generator
with standardized settings. Standardized settings for each

L 
generator are given in Table II. - —

r ‘ TABLE II

STANDARDIZED RUN PARAMETERS FOR - EACH OF

THE THREE AEROSOL GENE RATORS

I. DeVilbiss Ultrasonic Nebulizer

56 liters/mm . to dilution cylinder
50 liters/rain, to Nebulizer

-

• 
Power setting 10

- - 
120 ml of 1.75% uranine
30 minute sampling time —

-
~~~~~~ - 

II. Wright Dust Feed

56 liters/mm . to dilution cylinder
10 psi to cutting edge

• gear ratio 36:36:36:54
Pennsylvania bituminous coal dust packed to
a pressure of 1 ton

‘-1 30 minute sampling time

III. Fluidizing Dust Generator

56 liters/mm . to dilution
2.7 liters/mm . bottom feed air
22 - DC volts supplied to fan motor (4700 rpm)
50 grams of Attacote
30 minute sampling time

-32- 
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Appendix IV presents the dust concentrations in mg/rn3 found
at each port sampled for mass concentration. Under the capital
letter and number which classified each data run,several other
pieces of information are made available. In runs Ml through
M9 the dust generation method for the particular data run is
listed. Any parameters different from those listed in Table III
are also listed here. In addition, the air flow in m 3/s through
the chamber is given. Unless otherwise indicated , mass concen-
tration samples gathered from ports 1 through 8 were collected
with the filters mounted 1 1/4” from the chamber wall. To get
a clear picture as to the uniformity of the aerosol concentration ,
the mean value and the standard deviation for samples collected

- 

I at equivalent geometric ports is listed. For samples collected
from ports 1 through 8 the mean is listed as 

~~~~
; for those samples

collected from ports Ti through T4 the mean is designated as 
~T

’

Unico 240 and Aerotec “3/4” respirable cyclones were used to
separate “non-respirable”dust from samples in runs W5, F3, F4,
and F5. Again dust concentration is given in mg/rn3. This value,

F - considered the respirable concentration of the dust sample; when

L 
divided by the mean of the mass concentration samples collected
at geometrically similar ports yields the percentage of the dust
generated which is “respirable” . When one considers the dust size

‘p as determined by the Andersen impactor , this percentage becomes
valuab1t~ un determining cyclone performance.

In the c~urse of collecting data, several samp1~s were lost dueto droppio~ of the filter, crimping of sampling hoses, etc. In
these casts a dashed line is indicated in the appropriate slot.
In runs W4 and W5, cyclones were used in ports normally used for
collecting total mass concentration samples. Again a dashed line
has been placed in the appropriate slot to indicate a total mass
concentration sample was not collected at this port.

Aerosol Distribution and Mass Concentration.

Min-tJ-Sil 15 was the dust generated in runs Ml through M5. Mean
values of total mass concentration (~) ranged from a low of13.65 mg/rn3 for run M5 to a high of 52.78 mg/rn3 from run M3.
Standard deviations of mass concentration about the mean grew larger
with increasing concentration. However, these values were small and

~~ 

-
~~~ when considered as a percentage of the mean reach a maximum of only

7% for run M3. When treated similarly, standard deviations for the
remaining runs were a smaller percentage of the mean.

In runs M7, MB , and M9, and Ni through N5, a uranine aerosol
-
. was generated with the DeVilbiss Ultrasonic Nebulizer. Samples

from run M7, analyzed spectrophotometrically, yielded mean values
at side and top ports (i and X

T
) of 9.35 and 12.5 mg/rn3 , respec-

tively, i.e., the mean for the top ports was 1.3 times that for
the side ports. The coefficients of variation (100 x standard
deviation/mean) were 16% for th~ side and 9% for top ports.• Samples from runs 148 and 149 were analyzed spectrophotometrically - 

-

-
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s and by weight. Spectrophotometric determinations yielded results

which showed slightly lesser concentrations (approxi~ate1y_8—i0%) -:
than those analyzed by weight. Differences between x and x were
small and comparable for both methods. Runs Ni through N5 yield-
ed mean values (~/~~)ranging from 4.90/4.78 mg/rn

3 to 10.07/9.61
mg/rn3 . As a group, standard deviations were smallest for this
group of runs, never exceeding 3% of the mean value.

Runs Wl through W5 also yielded very favorable results when
comparing side and top sampled mean concentrations of coal dust,
i.e., 2 to ~ . Standard deviations were less than 5% of the mean
concentratioL with the exception of run W5 in which the spiral
filter configuration was used.

In runs M6 and Fl through F5, the fluidizing generator was used
to produce a dust cloud of Attacote in the sampling chamber. The
m ean values of total mass concentration at the side ports (~)ranged from 7.13 mg/rn3 for M6 to 18.83 mg/rn3 in run F5. Concen-
trations measured from the top ports, 2T’ except for run Fl, were

- 
found to be slightly less for these runs, ranging from 6.67 mg/rn3
to 18.25 mg/rn3. Again standard deviations at either side or top

I ports were minimal. Generally, however, slightly higher deviations
were found from samples collected at top ports. The largest standard
deviations were found on run Fl in which spiral filter settings were

-

~ 

- used. A summary of these data are presented in Table III.

Cyclone Collection.

The Unico 240 cyclones, suspended from ports TA, TB, BC, and TD
in run W5 passed to their back up filters an average of 54% of
total coal dust concentration when sampling at 75 liters/minute.
Filter collection from individual cyclones when compared to the
mean varied approximately 10% as a maximum.

• In runs F3, F4 and F5 the Unico 240 cyclones were determined
to pass to their filters from 54-58% of total dust concentration.
Aerotec ( (3/ 4 11 cyclones passed 39-44% of the total dust concentra—
tion for these same data runs operating at 25 liters/minute. For
these cyclones the maximum difference in dust mass passed to their
filters when sampling from ports Ti and T3 as opposed to sampling
from ports 3 and 7 was only 5% (39-44%). This data is presented
in Appendix IV.

Particulate Sizing.
*4

The Andersen particle sizing air sampler as pictured in Figure
11 was used in all data runs for sizing the aerosol cloud in the
chamber with the exception of runs Ml, M4, and Fl. These particle
sizing results are presented in Appendix IV in which a table of
results for each run is prepared indicating the effective cut-off
diameter (ECD) for each numbered Andersen stage, the percent of
total weight collected by each individual stage, and the cumulative
percent weight found by continuously summing the percent weight of -

—3 5—
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each stage to the previous total proceeding from stage 1 to the
- back-up filter . Each table is then followed by its corresponding
distribution curve prepared on 2 cycle log-probability paper. Run
M9 has two tables as this sample was analyzed spectrophotometrically
and by weight. These results compare favorably as seen easily by
viewing corresponding curves. Runs Ni, Wi, F3 and F4 each have two
tables as two Andersen samples were collected for each of these
runs. A log-normal particle size distribution is indicated for
Min-U-Sil 15, coal dust, and Attacote as straight lines can be
drawn to indicate the size distribution. However, a straight line
is not obtained for data runs in which uranine was generated with
the ultrasonic nebulizer. Curves characteristically flatten out
near the MMAD indicating that distribution was not log-normal.

- This is indicated well on the curve drawn for run Ni in Appendix
IV. MMAD’s for all runs are presented in Table III.

DISCUSSION

General.

The utility of this particular aerosol system is dependent pri-
• 

- 
man ly upon whether or not the aerosol generated is distributed

J fairly uniformly throughout the chamber. Thus, most of the data
gathered in this project were slanted towards determining size

1’ 
• distribution and the variation in mass concentration existing in

the chamber. However, the performance of the system components,
especially the three dust dispersal systems used in the course of

-T experimentation, is also quite important and will be discussed in
this section.

General Test System.

The test system as built combines several component parts which
together are designed to produce a uniform dust cloud in terms of
mass concentration and particle size distribution throughout the
chamber. The physical size of the chamber (‘~-s 450 liters) as well
as its circular cross-sectional shape (5) is the first essential

- - 
- factor in producing uniform aerosol loadings especially when con-

- sidering the number of simultaneous samples taken on one data run.
Significant disruption of the aerosol cloud might be expected with
similar sampling in a smaller chamber. This size also allowed for
a relatively large volume of air to be moved through the chamber
and still retain low flow velocity, so that sampling could be
accomplished from an essentially static environment without con-
cern for isokinetic sampling. Thorough cleaning of the chamber
when desired is easily accomplished , as sufficient room is avail-
able inside for a full-grown man, with easy access through the top.

The mixing assembly located in the conical transition piece in
the bottom of the chamber allows for optimal mixing in a small area.
This is accomplished by allowing the aerosol stream and clean dilu-
tion air to enter the assembly through opposite inlets placed
tangentially to the outer edge of the assembly. This approach has

— 3 6—  
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been used in other test systems and exposure chambers (5); however ,
the mixing assembly has conventionally been located at the chamber
top with the exhaust port below (5,6).

Manipulation of the valves associated with the pump easily con-
trols the static pressure in the system. This allows for testing
to be accomplished without fear of leaks, a factor of prime im—

-
- 

portance when using moderately hazardous dusts.

- • - Two other components of the test system, both located between
the aerosol generating device and the chamber,essentiaily elimi-
nate two of the major difficulties often encountered with dry
dust dispersion. The first occurs when fine particles packed
closely together agglomerate and tend to resist separation. The

-
- dilution cylinder uses 56 liters/minute of clean air which enter

through four tangential inlets resulting in a visible cyclonic
mixing action of the aerosol stream. Presumably, sufficient energy
is supplied in this airstreain to disperse many of the agglomerates
to their component particles. Others, not dispersed , fell to the
bottom of the cylinder. Thus, artificaily large dust particles
are not introduced into the sampling chamber. Both MIN-U-SIL 15
and Attacote, the two dusts tested with the Fluidizing Generator,
left considerable dust masses in the dilution cylinder with each
run , apparently relatively large particles or agglomerates. This

p ~ feature may also be important when the Wright Dust Feed is used as
the unit disperses dust from a dense compact, especially in the
use of extremely fine dusts (7). With the DeVilbiss Ultrasonic
Nebulizer, the dilution cylinder probably served only to allow
additional time to dry the aerosol before entering the sampling
chamber. The cylinder sides and bottom were coated with the
liquid uranine solution at the end of each run. The dilution
cylinder ’s only drawback is quite minor. Thorough cleaning of the
apparatus, though not absolutely necessary between each data run,
can be accomplished only by disassembly.

A second difficulty common with dry dust dispersion is the pro-
duction of particles of a high electrostatic static charge. This
problem is negated by the introduction of a radioactive ~ source
located in line between the dilution cylinder and the mixing
assembly. Presumably particles are sufficiently discharged , as
no effect on sampling results were apparent. Again this component
of the test system is most important with dry aerosols - those
produced by the Wri ght Dust Feed and Fluidizing Generator.

Aerosol Cloud Uniformity.

The results tabulated in the testing of this system and sum- - - 
-

marized in Table II indicate that the aerosol cloud is dispersed
quite uniformly throughout the chamber. The smallest differences
in mass concentration throughout the testing were found at the
equivalent peripheral ports 1 through 8. Differences, between the
top sampling ports Ti, T2, and T3 were generally only slightly
higher. For example in run F2, 5~ was 12.25 mg/rn

3 and_its standard
deviation (s) was 0.26 mg/rn3. The top ports gave an X

T 
of 10.82

mg/rn 3 was s = 0.46 mg/m 3 . If all ports, side and top, are includ-

~~~

-

-
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ed , the mean concentration is 11.86 mg/rn 3 , and s = 0.74 mg/rn3 ,
giving a coefficient of variation of 6.2%. Thus , mass concen-
tration samples collected from all ports can be considered rea-

-
. - sonably equivalent. Samples collected with the spiral filter

arrangement from ports 1 through 8 had the largest variance.
Even for these runs , however , the maximum coefficient of varia-
tion was only 6 . 4 %  (run F l) .  Results from this run indicated a
slight drop—off in concentration of the dust Attacote with dis-
tance away from the chamber side (Figure 12). Only one run (M7)
shows uncharacteristically large standard deviations and variances
between side and top sampled ports (R~ = 9.35±1.68 mg/rn3 ; 

~T 
= 12.50

±1.17 mg/rn3). However , this run was the first analyzed spectro—
- - 

photometrically and erroneous results are likely due to inexperi—
ence in using the method.

The aerosol clouds had only a slight tendency to separate by
size within the chamber. Seemingly, this phenomenon increased
with the MMAD of the individual dust being tested. This can be
easily seen by examining the sizing curves in Appendix II in
which an Andersen sample was collected at two different chamber

-
- heights (runs Ni , Wi , F3, and F 4 ) .  Routinely the first Andersen

sample was collected through port Ml; the second, when added,
through port 1. No appreciable difference in size distribution

- ‘ between these ports was found for the uranine aerosol (Ni) or for
- the coal dust (Wi). However, Attacote (F3 and F4) runs showed

noticeable variation, with MMAD’s at upper and lower ports of
V 4.5 and 5.5 jim , and 4.7 and 6.5 pm , respectively . This slight

settling of larger particles might be expected in light of the
low upward flow velocities in the chamber as previously mentioned.

DeVilbiss Ultrasonic Nebulizer: The nebulizer was by far the
most predictable generator tested in terms of producing a steady
flow of aerosol into the chamber. This can be easily seen by
examining Figure 13, the record of aerosol concentration with time
in the chamber for run N5 as monitored by the Sinclair-Phoenix
aerosol photometer. This record typifies the type of consistency

-
~~~~~ in output of the Nebulizer for all its runs. Mean mass c’oncentra-

tions were found to vary inversely with flow through the chamber
-
j  (Figure 14). The particle size generated from a particular con—

centration of solution is predicted by the equation (8)

3
Diameter of Aerosol = Diameter of droplet/

50 
c~~~~~~~~~~~~~~~~

10fl

As predicted by this equation, the NNAD for run 8 (7% uranine) was
higher than the MNAD ’s for runs Ni through N5, done with a 1.75%

- 7 - uranine solution. Particle size distributions were not strictly
log normal as can be seen by examining the curves for runs Ni
through N5 in Appendix II. This was expected and is a character-
istic feature of Nebulizer output (9). Less aerosol was generated
for those runs which used a more concentrated solution (M7 and M 8 ) .
This phenomenon apparently is due to the upper limit of the droplet
size which may form and still break the surface tension of the
solution in order to enter the airstream.
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limit of the droplet size which may form and still break the
surface tension of the solution in order to enter the airstream. -:

- 

One result which became apparent while analyzing uranine filter
samples was the noticeable differences which existed in mass con- - •

centration determination between weight and spectrophotornetric
- methods. Samples analyzed by weight in run M9 were, on the

average, 8-10% higher than those same samples analyzed spectro-
photometrically. Similar results were obtained for run M8. This

- can be attributed to one (or both) of the following: 1) upon
I - dilution for spectrophotometric determination, some of the uranine

- 
- remained bound up in the glass fiber filters and never entered the

dilution solution resulting in lower than actual results, and 2)
- - the very water soluble uranine aerosol deposited on the filter

- papers picked up considerable moisture resulting in higher than
-~~~ I I actual weight determinations. Although either one of these can

adequately explain the variance between methods, neither was in-
vestigated.

Wright Dust Feed: Dust feed into the aerosol chamber from the
Wright Dust Feed Mechanism was by far the most uneven and unpre-

L- ) dictable of the three generation systems tested. As seen in
[ ~l Figure 15, the Sinclair-Phoenix record of dust concentration in

— the chamber for run W4, dust generation was characteristically
-
~ 

- uneven and cyclic. Although the Wright Dust Feed has been used
by others successfully in providing a wide range of aerosol con-
centrations by varying air flow and dust cylinder rotation rate -

• (10), dust output on a short-term basis (30 minutes) in our test
~~~~~ l situation was not at all predictable. Fairchild et al. (ii) found

~ I that startup of the unit with a new dust plug produced the highest -
instability in mass concentration output and lasted up to two hours.
We produced comparable results as indicated on Figure 16, the

— Sinclair Phoenix trace of mass concentration upon starting the unit
- • with a new dust plug. Restarting the unit with the same plug re-

suited in similar but less severe variation lasting up to 30 m m -
-- 

- -utes.

~ -, Since sampling in this procedure normally lasted 30 minutes, and
- no more than 5 to 10 minutes separated generator start-up and

sampling start-up, the rather large variations in output are not
~~~ at all surprising..

F Although the unit has the disadvantage of not being able to pre-
dict within a reasonable range the concentration being generated
by the Wright Dust Feed upon start-up of the unit, it does offer
several advantages. It can be used with a wide variety of test

- 
dusts while offering considerable ease of operation. In addition,
its tendency to produce a charged aerosol stream with some agglo-
merates is eliminated in this system as previously discussed.

Fluidizing Generator : Dust feed into the aerosol chamber
from the Fluidizing Generator characteristically exhibited a curvep as shown in Figure 17, again a trace of mass concentration with

-4 2-
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time as monitored by the Sinclair—Phoenix (run F5) .  Generation
was relatively stable over the 30-minute sampling period. The
initial peak routinely associated with starting the generator was
most likely due to a near instantaneous blow-off of the extremely
fine particles in the dust load into the chamber. The rotating

- 
- wiper blades moving along the inside of the fluidizer continuously

knocked compacted dust from the unit’s periphery back into the
fluidizing blade aiding in steady output. Small peaks on the
Sinclair-Phoenix trace during the course of the run are likely
due to dust compacts falling from the inside top of the Fluidizing

I - Generator into the spinning blade momentarily increasing generator
output. Generator output was found to be related to motor speed.
With a 50 gram dust load of either MIN—U—SIL 15 or Attacote, the
generator was inoperable when less than 10 v were applied to the
blade’s motor as stalling conditions were reached. Varying bottom
feed air between 500 and 2000 cc/mm . had no visible effect on
generator output. Reduced output was noticed when bottom air was
below 500 cc/mm . In terms of continuous and even output, the- — unit was found to operate less efficiently with the MIN-U SIL 15

- I as successive runs were accomplished. This was attributed to the
dust picking up moisture over a period of several weeks thus in-
creasing agglomeration of particles in the initial dust loading
and hindering an even dispersal (12). This resulted in large
variations in output with time as seen in run M5 (Figure 18). An
occasional problem with momentary stalling of the wiper blades was
encountered several times. This resulted in an initial drop in
dust concentration within the chamber followed by more severe
peaks and valleys as seen in run F2 (Figure 19).

Perhaps the major advantage of this generating system is that
it is easily used with any dry dust and is especially advantageous
for light, fluffy dusts which would tend to resist compaction into
a dust plug. The unit was as easy to operate as either of the
other two more conventional units tested. However, cleaning the
unit as constructed - a step necessary after each run - was not

- 1. particularly easy. The unit has to be disassembled , wipe~ out,and vacuumed to avoid a buildup of dust under the fluidizing
blade. Failure to do this is likely to lead to stalling of the
blade and/or operation of the blade at lower RPM ’s than expected.
Failure of dust concentration versus flow to follow a strict in-
verse relationship was attributed to large dust particles settling
in the chamber and not to the performance of the unit itself.

H Cyclone Collection.

Although the collection of dust samples which passed through
cyclones constitutes only a small portion of the data gathered
for this report, its contribution to the data is important. When
the testing of cyclones was started, it was felt that the chamber
system was performing up to expectation. With this in mind , the
cyclones were tested only as an indication of what the test system
is capable of accomplishing. Because of the variation in port
size and location, many types of sampling equipment, sampling
simultaneously, can be mounted in the chamber. With a knowledge
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of mass concentration and aerodynamic properties of the dust cloud,
- - calibration of sampling equipment can be easily accomplished. Com-

parisons between sampling equipment, as with the Unico 240 and
Aerotec “3/4” , are then readily made. Considering the size distri-
bution of the dust Attacote in runs F4 and F5, it can be estimated
that if each cyclone was performing optimally, as prescribed by
the ACGIH curve, they each would have passed 39% of the dust to -
the respective filters (13). Knowing this, comparison to optimum
results are easily made and cyclone performance can be critically
evaluated, as has been done by Lippmann and Chan (14). From this
estimation of percent retention to meet the “respirability ”
criteria, it is obvious that the Aerotec “3/4” performed much
closer to specifications than did the Unico 240.

CONCLUSIONS AND RECOMMENDATIONS
- 

From the data tabulated and discussed it is apparent that the
test system as designed is successful in fu l f i l l i ng its primary
purpose; that is, a number of different aerosols can be generated
into the test chamber and be uniformly distributed so that
collection equipment can be easily calibrated , checked and corn—

3 

pared.

The three generation methods tested are all easily adapted to
the system, although each has a few minor restrictions and/or
drawbacks. The nebulizer is stable, reliable, and easy to op-

S 
erate. Its only disadvantage is that it is limited to producing

~
.erosols which are soluble in a liquid .

The bright Dust Feed , although its output is unpredictable over
short periods of time , offers ease in operation. The Fluidizing
Generator was shown to be an innovative and promising method of
producing many aerosol types in that the process of dispersion in
no way artificially treats the dust. However , predictability in
rate of generation for any one dust loading must be experimentally

• determined. Cleaning the system also poses a minor problem .

- For best results in comparing collection equipment, sampling
from geometrically equivalent ports is recommended . Comparisons
can be made when collecting from non-equivalent ports for example,
side and top, but slightly higher variations should be expected.

Monitoring the test system in terms of short-term mass fluctu-
ation proved to be a valuable tool in analyzing the performance
of the system, particularly the generation device. Therefore, it

- is desired that some instrument capable of near instantaneous
relative concentration readout be used when operating the system.
Several instruments have been used successfully to perform this
function in other tests (11). However, the Sinclair-Phoenix
aerosol photometer was quite successful in meeting the needs of
this system and is highly recommended .
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Multiple cartridge
filter housings

-
~ ~~~

- Series A

-~1 ~I ~~ 
-
~~ 

-
~~~

Balston Series A Multiple Cartridge Filter Housings side-to-inside flow through the filter tubes, utilizing
provide economical high efficiency liquid and gas fil- the permanent polypropylene cores for mechanical

~ tration at flow capacities to 1500 SCFM in gases, or support For air or gas filtrations, flow through the
- 

- to 150 GPM with liquids, filter tubes should be inside-to-outside, permitting
- - - - coalesced liquid to drain continuously from the outerAvailable in either 304 stainless steel or carbon steel, - - -

~~ _~ - - the housings accept six 2” x 9” or six 25- ’ x 18%” surface of the filter tubes (see Technical Information
standard size Balston Microfiber filter tubes. These eet -

• ~~ disposable filter tubes composed of a unique corn- Applications include:posit ion of glass microfibers bonded with epoxy • Removal of oil, condensed water and dirt from1 ,-I resin, provide filtration efficiencies as high as compressed gases at flow rates up to 1500 SCF M
- of 0.3 micron particles in liquids. - • Filtration 

~:e~
0mP

~
es

~~ 
air to entire plants or

- 
- ‘. 

- 

- Each filter element is mounted on a glass-filled poly- S Vent filters to maintd,n the purity of liquids ri
- 
:‘P~ propylene support core and is individually sealed in large storage tanks

- position by means of a spring-loaded mouriti- ~ assem- S Final filtration of deionized water
bly. Quick access to the filter chamber is provided by • Filtration of fuels at flow rates to 150 GPM

-~~~ ~ (5-’! V clamp and Buna-N 0-ring closure. The O-rinq in the • Other demanding applicationsb -~~~ \s, clamp assembly is the only resilient seal in the filter - -: - ~~ - housinq. Inlet and outlet connections are 2” NPT. NOTE: The Series A f ilters are not recommenck~ci for
• -

- sterile gas fi ltrations in which Ste5-ini s ter ili, it ion is
- - For IIfUId fili r tions , the l(III Inq is installerS for out required.

-
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SPECI FICATIONS
Order No~ Materials of Filter Tubes Filter Tube V ENT (t / 4 ” NPT J

Construction Required Supports -
- 

- Required 
____________

- I A-0635-C 
- 

Carbon Steel 6 2”x 9” 6 1OZ11 or I- 
QA-0635-SS 304 Stainless (200-35) 10Z33

I - Steel I
- A-0680-C Carbon Steel 6 2”x 18%” 6 20Z 1 1 or

A-0680-SS 304 Stainless (200-80) 20Z33 I —

Steel I 
00

- - Maximum operating pressure — 150 psig I I
Maximum operating temperature — 275 F (135 C) I I

- Maximum pressure differential across filte r ek-ment: O
~~~~

E
F

T
L

F
T
OR 

~~ 
t

- 70 psi for outside- in flow; 15 psi for inside-out flow INLET FOR ( 1/2 ~ NPT) I I
Automatic Drain (Optional) — Type 20-301 Float Drain 0U 1R~~T b0N DRAIN I II 
MATERIALS 

2

- 
Housing —- as specified above 7~ /
Filter elements — borosilicate glass microfibers bonded L-~ 

4 1/2”
- - — with epoxy resin 

______ / _________

- Support core — glass-f illed polypropylene with Vito n 0- / -

port cores) 
cores) or Buna-N gaskets (Z33 sup- 

/ 

— ~

Housing seal — Buna-N 0-ring PRESSURE TAPS 2” NPT INLET FOR GAS Fi LTRATIO N OR
J (1/8” NPT) OUTLET FOR LIQUID FILTRAT ION -

F 
-

F ILTRAT i ON E F F I C I E N C Y
GAS FILTRATION EFFICIENCY LIQUID FILTRATION EFFICIENCY

FILTER TUBE (Retention of 0.t3 micron particle) (98% retention particle size)
Grade D 90 0% 25 microns
Grade C 9 L0% 8 microns
Grade B and BX 99-95% (1) 2 microns
Grade A 99 9999~ % 0.9 micronL Grade AA 99~3999+% 03 micron

( 1) For more detailed information , see Bulletin TI- lA -

-

- - 
FLOW RATES

GAS FLOW at 2 PSI pressure drop WATER FLOW — A-0680 HOUSINGS*
j  NOTE : FLOW RATE ISPROPORT IONAL TOP RESS U5-~E DROP NOTE: FLOW RATE ISIN\ ’ERSELY

- 
-J A-0635 HOUSINGS A-0680 HOUSINGS PROPORTIONAL TO VISCOSITY

14C —

I /
2 0 E— — - — 7 —

b 0

~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ 

_ _ _

- 
- 0 20 40 60 80 100 0 20 40 60 80 100 0 2 4 6 8 10 12

- 

- 

PRESSURE AT FILTER IPSIG) PRESSURE AT FILTE R IPSIG) DIFFERENT IAL PRESSURE (PSI )

~~~~~~ ‘DIViDE DV 7 FOR FLOW RATES
FOR A 0635 HOUSINGS

r~ 
-
~~~~~ ~~~~ 
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— Verwendung App lication
Die Ringverdichter sind geeignet zur Forderung von luft und The compressors are suitable for handling air and other non-

-
- anderen nitht brennharen , nicht aggressiven und nicht exp lo- flammable , non-agqressive and non-exp losive gases. Gases

sivcn Gasen. Durch Festkorper verunreinigte Gase dürfen nicht contanimated by solid bodies must not be handled5 ihe corn-
S gefoidert werden. Die Pingverdichter sind fur Dauerbetrieb pressors are desi gned for continuous operation and require

geeignet uncl praktisch wartungsfrei5 no maintenance.

Aufstellung Installation
Die Ringverdichter kOnnen boliebig aufgeste llt werden5 Ring- The compressor can be installed in any position desired. Cool-
vordichler- und Motc~rkuhlung nicht bo hindernl ing of the compressor and motor must not be impeded.
Ge,aisschc Noise

- Zur Mitiderung der Ger~uschabstrahlung Ringverdichter nicht To minimize no se, c not mount the compressor on sound
an scholleitcnde oder scha llabstra hlende Teile (z. B. dUnne conducting or souna emitting parts (e.g. thin wa lls , metal

-- Wandc,Blech p!atten o.ä.) anbauen. Evtl. schalldämmcnde Zwi- panels etc.). If necessary fit sound suppressing mounting pad.
- schenlage vorsehen . Bei frelo m Ansaugen oder Ausb l sen With a free intape or discharge noise can be minimized by

kann das Geräusch durch Anbau cm os Zusat z-Schal ldämp fers fitting an additional silencer (see Catalogue P 2).
- gemindert werden (siehe Katalog P 2)

F - Druckschwankungen und Temperaturen Fluctuations in pressure and temperature
lyp ma,imai sat. Fördermittel- Boi folgc’nden Förder- Type Max per- Permiss Ible temp. The c~’mpressors operate in

~uIos~igo Iemperatur am niongen erbeilen dIe Ring- miss ibte of medium handled an unstat llo ranc ’e CI the
Umgcbunjs- Ringverdichtere intritt verd chrer In eincm ambient at compressor intake fol lowing de llsery rat e s .

-s tomperatur instabilen Be reich . d. h. en temp. i c  I IucI uat ~OflS In p ressure
‘nit 3-~- mit Sonder- konrren Druckschwanku ngen with with special may arise
Motoren motoren auf i re ten 3-ph. motors 1-ph.

(En)e- motors (fx)e - CSA

Einphesen- — 
_________ - ______ _________ ___________________

SI 2012 <0 .6 m’/ msn
- 7CH2 

— 

<0,6 m’/min 2CH3 <0.3 m ’/min

~~ ~~~~~ 
2043 <0.3 m /rn n 2CH4 <0,9 m’/nrin

I

- 40 °C 75 ‘C 40 °C 
___________________________

2CH4 <O,~ m’Imin 20-IS <1.1 m’/min
- — 40 °C 75 °C - 40 °C ________ ___________________________

— ~-~~ -—— 
<1,1 sn ’/min 2CHSI <1.6 m4/min

- 7CHSI <1.6 m ’!mrn 20-16 <1,5 m’Fmin
‘CH6 <1.~ m’/min The medium handled is heated while passing through the

~~ 
Peim Durchgang durch den Ringverdichter wird das Förder- compressor. -

- - 
-

, - - miltel crwarmt. Direction of flow and terminal box
Forderrichtung und Klemmonkasten

- - - : Fovderrichtung 
____________D’chrichti,rr g an der $lirnscile durch Pfeij g -kennzeichnet . 

______

- Urnkchrunq cJc~r Drchri cl lunq und darnit Fôrdet ( ichts lng durch
Vetta ucchcn zwc’ ie r Aul3enl~ itungcn. Ocr crre ichte Druc k be- 5-

N

t’~tgt dann nur  noch 40 °/. des vor heri gon bei gleicher Forder- 
- _ . _  -- - — — 

5- 

-
~ 

-

, 

15 - -  -

— 
- : Direction of flow - 

5- S

S 
DIICCII0R of rolali on on discharge side marked by an arrow.

~‘ PC Ve, sit of direct ion (of rotjtj~n and of flow) by intcrc hang-
- Ing two rn,iin leads. Pressure attained then is onl y 40 5-I. of Fig I

P’evious pressuse at some delivery rate .

-

~

j ’ 
-
~~ -l

__ 
~~~~~~~~~ 

_ _ _ _ _ _ _  _ _ _ _ _ _  

~~~~~~~~
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r ~~~~~ ~~~~~~~~ Arbeiten nur im spannungsfosen Zuitand d~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~Maschino vo,nehtnenl from the supply.
I ~ 

Netisrannung unJ Netzt requenz mUssen mit den Daton auf Check to see that system vo ltaqe and frequency agree with

~ 
dem Letst uncissdsi td utsereinst immen. ±5 5-I. Spannunçis- odor the rat ing-p late data. Voltage or f requency deviations of ±5°!.
Frequenzabw ~tic}sunqen sirid ohno Lcistungsherabsetzung zu- from the rated va lues are p~rmittcd w ithout t h e  need of

S 1JS519. Wet tis sIn Etnzella lle ze itweise hOherc Spannungen out- derat ing t he  output. Should higher voltages occur temporari ly,
S _ ~ tr ete rs , etnp lielrlt es sidi, den Motorschut rschaltt ’r fur cinen it is recornrnends~d Iltal tlr.~ ptotcctive circu it breaker be set

-y Strotis , der etwa 10 ~. ibe, dens Nenast ront liegt, einzustellen. for a cur rent which c\ceeds the rated value by about 10 ~
Anschlul5 und Anordnung der Schaltbügol nadt dem im KIem- Connection and arrangement of the  terminal links have to
menkasten belindlichen Schaltbild vornehmen. Schutz lciter an agree w ith the diagram shown in the te r m inal box. Connect
dieso Klemnte ~ ‘ anschliet3en. the eart hing conductor to the terminal with the (~ mar king.

(Ex)c-Ringvo,dichtcr (Ex)o-Compresso rs
Einsatz dieser Ringverd ichtcr nur in Räumen zuge lassen, in The i-ce of these compressors is permitted only in areas in

I deners c~eIcqcntiicli exp losive Gase auft retc n Exp losive Gase which exp losive gasec occur occasionall y. Exp losive gases
~ durfen nicht qefordert werden . must not be conveyed.
- Die aut dern PrUfschild angegebene Zundgruppe ist zu beach- Note the ignition-temperat ure group which is given on the

5 ten. )ederr s Motor muB cm Motorschutzscha lter vorgesc haltet rating plate. Ecch motor shall be provided with a circuit
scm . der auf den Motornenr istrom eirtzuste llen ist und im breaker which shall be adjusted to the rated current of the

S Kurzschlufilall (bei festgeb rernstem Laufe r) innerhaib cfer zu- motor . If a s lro rt circuit occurs (when the rotor is locked), the
Iassigen l

~ 
-Ze it ausläst . breaker shal l open the motor circuit within the permissible

Reparaturen müssen in Siomens -W erkstätten durchgeführt t 5-time (within the max. permissible temperature is attained in
oder von cinem amtlich anerkannten Sachve rst andigen abge- the case of a short circuit or under locked-rotor conditions).
nommen werden. Repairs shaf t be carried out in a Siemens workshop, other-

~ wise the comp leted repair must be accepted by an authorizedAuswechseln der Lager inspector.
Nach etwa 10000 Betriebsstunden Lager auswechseln (unter
normalen Bctriebsbecf ingungen, Unigebungstemperatur etwa Rep lacing the bearings

- 25°C, stabi ler Kennllnienbereich). Erstsc hmierung mit Aero - Replace the bearings after about 10,000 operating hours. (ForS 
u ~ shell Grease 16. normal service conditions , ambient temperature about 25 °C,

I stable range of characteristic.) Pack bearings with Aeroshell
t Grease 16.

~_5 1 Utilisation Empleo
Les compresseurs sont concues pour le trans port de I’air ou Los compresores anu lares pueden instalarse en Ia posición
d’autres gaz non corrosifs et non exp losibles. Des gaz poulés aire y otros gases incombustibles , inexplosivos y no agresi-
par des corps solides no doivent pas être transportés. les vos. Se exc luyen los gases ensuciados por Ia presenc ia de
compresseurs sont conçues pour un service continu et n’exi- cuerpos sólidos. Los corn presores enulares puoden prestar

ser v icto permanente, y no están sujetos a trabajos de man-gent aucun entretien. tenimiento.
‘I;

Installation Colocación
Les cor -spresseurs peuvent étre installées dans .~‘importe Los compresores anulares puedon instalarse en Ia posición
quelle position. Ne pas gèner le refroidissement du compres- que se désee. Se evita rá quo Se yea impedida Ia refr igeracion
seur et du moteur. del motor y del compresor.

Bruds Ruidos
Pour diminuor le bruit , éviter do monter les compresseurs sur Para reducir Ia propagación de ruidos, no montar los corn- -

des parois conductrices ou diffusant Ic son (p.ex. parois do presores sobre partos que propaguen o irradien el sonido
faible épaisscur , tales , etc.). Le cas échéant , monter des pièces (por ejemp lo, paredes delgadas , p lacas do chapa , etc.). Si
intercalaires insonorisantes. En cas d aspir ation ou do refoule- fuese precise , prever sup lementos insonorizantes. En caso de
ment libre, une diminution du bruit pout étre obtenue en aspirac ión o expulsion libre , puede dism inuirse el ruido mon-

: montant un siler,cieux supplémentaire (voir cata logue P 2). tando Un amort iguador do sonido adicional (véase catálogo
P 2).

Variations de pression et temperatures Fluctuaciones de Ia presión y temperaturas
Type Temperature Temperature adm. du Dens le cas den debits Tipo Tempe ra(ura Temoeratura admi- Cuando los caudates

- ambiente gaz a entrée du Sulvafl is, es compre~seurs ambienle sible dcl medio irripulsados son los m di.
ma,. com p resseur lonclionnent dans us régime max . ad- impulsado a a entrada cados a continuación, totadmissible instable , c ’est-B- d i re clue misible del compresor com prosore s Ir~b~jan en

- des variations de prossion aria zona ineslable , es- MoIeu,~ Moteu,e peuveni se pritsenter Motores Molores dcci,. pueden terier tug,nrt n -  I spCc iaux trl- especiates f luctuacione s de presiónph~sés I (Ex)e fésicot (Ex)e - CSA
- ~~~~ 

- i CSA mono fés icos

2CH2 

monophesêi 

m’imin 2C1-f 2 <0 .6 m’/milt

<0 .3 m’/mifl 2C1-t3 <0 .3 m /mifl

40°C 75 ‘C 40 °C 
<0,9 m’Imin 2CH4 

40 5-C 75 °C 40 ‘C 
<0 .9 m’~miri

2CHS < 1,1 m ’/min 2CHS 5< 1,1 m’Imin

• 1  ZCHS1 < L6 m’/m ivs 2C1-IS1 5< 1.6
2CH6 5< 1,5 m’/min 2CH6 5< 1,5 m’/min

Lors du passage dons Ic cc - npresseur Ic gaz transporté est El medio impulsado so calienta al pasar per el compresor.óchauffé.
Sons de trans port ci boite a bornes (voir Fig. I) Direction de impulsión y caj a bornas (véase Fig. 1)

~~~~~~~ a -— :  Sons do transport a -: DirecciOn cie irnpulsiOn
S Sens do rotation rep éré par une flèche sur le cOté frontal. Ic El sentido do giro so ha marcado con una f locha en Ia porte

- - -

_ - sons de rotation et donc Ic sons do transport peuvent étro frontal. Into rcambiando dos conduclores do ernpalme puede
- - irtvc r~.es en inte rve rtI~~ar it  dcux conducvrir ~ da l i rne r ita t ron. inve rt i rso el serrtido do g i ro , y, per Linto a dirpcciôn do im-La pressiorl oblonuc n est egale qu au 40 0/~ do Ia précédente pulsiOn . En ta l case , con In rnIsrna cantidad inrpulsada , Ia

pour Ic même debit. presion conseguida es solamonte 40 °/o do Ia precedente.
~~ Page 57
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- ‘V n.
~~ .—i .s.I~~

_ .as
- ~~~ L.o.ededwt .u8en .30 Outer .ring cap .80 Ch.p ..u do pol ar ..Ién.un

- 
- - ~- I 40 Welalager 40 RotIi ng-c ont .s~.t beai in g 30 Rou lemen i

- - , .75 Rodi ol d ichi ung .15 Radial seat .75 Join t nad,aI
.10 Lage ndec kel noon .80 Inner bear ing cap .00 Cho peau de pal er Int é r ,e L r

I 3.00 Ringvsn didnter- T.Ili 3.00 C.mpr sior compo n.nhs 3.30 PIèces dis co mpsess. ur
- ‘ .40 Gehau te .40 1-lousing .40 Carcass.

I .53 Docket 53 Cap .53 Co uvencle
— .60 Lau lna d .6.0 Impel ler 30 Roue do vent i la ti on

- . 32 Schalt dampt er .67 Silencer .62 Sit~ ncneus
.6.3 Abdeck ung .63 Cap .6.3 Obtwateu ,

ISO 18sf. : bomp l.tt 380 Rotor , ~omp I.i. 1-00 lot .,. c.mp l.I

4.00 MotorgshBus. Iiempt.tt 4.00 Motor t ram.. comp t .’- 4.00 Carcass. du motsur . comp lèt .

:- 3.00 Klemmenk.st.n kompl,ti 1.00 T.emin.I bee, compl.t. LII Ioh. s 6. born.,, consplit.
Lb La~enung 05 6.00 B.ulng atsembly, non drtv. m d  6.00 Logem,nt côlé oppose I l entratnement

- - 
- .08 Nutosring .08 Seating ring .08 8.9cc

- 5 510 W atztage r .10 Rott ing-contact bean ..., - .10 Routement
1 ~ - .16 Federscheibes .16 Resili ent preloa d in g ‘“ri’ . .16 Rondette Ctasti que

- .20 Lagerschutd .20 End shi eld .20 Flasque — palier
7.00 Oelüftung des Motor, 7.00 Ventilating .ccesuor l.t for th. motor 7.00 V.ntlt.tion din moteur

- .04 Au6ent utter .04 External fan .04 Venti iateur extC r i eu r
- .40 Lüfter t. aube .40 Fan cow l .40 C.pot du vent ilateur

- Ersatzte il e vom Wer k l ieferbarl • Sparc parts lo be ordered • Pout étre fourni par l’usine
from our works. ~ - - comme pièc e de rechange.

. E~L l~~~~
4
~~

87O01 1Esemp lo:
- I Exempe l :

F’- 
~ P orm-Teite sind nach Muster Im Las pieces normalizadss . segI~n Anzugsmoment fur Teil 255

freien Handel zu ben ch es . muestro, pueden adquirirse en ci
comercio. Tightening torque for part 2.55

The standard parts can be procured 
- -according to samp les from local Ic part i sono norma liza ite e reper ibi. Couple de serrage pour piece 255

dealers. Ii secondo campione in commerc io .
Per de epriete pare I. piexa 2.55I - On so procurer. dans te commerce Normer,d del kan e rhOll as I fria 

--
- ‘ lee piCces normalisites en vue dun handeln err l mdlrster . Coppia di spunlo per I. parse 2.55

— Cdnansilton .
_________________________________ 

Atdragningsmoment for del 2.55

2CH2 2CHS 2CH4 2cH5 I

338 DIN £n885 
1 34 DIN 6912 

6 6 6 12

2.21 D 1N 933
• 256 DIN 127

- __________________________

;~ :1 
,

~~~~~ 136 DIN 12S (~
)

IW 251 DIN S4 ‘ -

-

~~~~~~~ 
~~~~~ 2.55 DtN 934

~~~~~~ 

. -S

~~ 
.9

‘-~~~~ 
r 9 Casqu i ll . do empuje DIN 6.25

~~~~~~~~~~~ 

- - w 
~
,.— ,~ 

- 
/ .. ‘ 10 Hus it lo

- s 
~ / -

~~
- 

-

~ 9 Campan a di s pint a

)
~~~ ~~~~~ ~~~~~~~~ 10 Perno f i l c i te ro 

- . 
- - 9 Drivtuy f sa

10 Spindel

-
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Piexas do recambio~ Pezil dl rlserv a Reservdelar
- . 4 1.00 Colln.te del lado d. acc tona m lente 1.00 Suppo ,to lute com .ndo 1.00 tag.r.nor dn in9 as.Il.ppstd.n

~~ ~~ 

. S .30 t ap~ ciutorio r dcl co hunnete .30 Coi’n~nkfro dcl cuscaur tt o esterno 530 Y nne l~~cniucti
- I .60 Coj inete de rodamiento .6~ Cuu inu-tic di rotolaiuncnnto .60 Ruttaqcr

f .75 Junitj radial .75 Guannnizioirc radiate 75 Radlai t atnin g
• 

— I .80 tap. interior del coj inets .80 Copeichso dcl c uSci nett o inte rno .80 lone Iauer lo~k
2.00 Pa,t., dcl comp reso , 2.00 Rotor. del v.nt lIaIor . 2.00 Fllikt d. Iar

. 40 ~~~~ .40 Carc as s. 40 K3 pa
33 Tap. .53 Copercfn io .53 lock
.60 Rodete .60 Gmran te .60 Vinghiul
.62 Amo n ti guador do s~nido .62 Smor: ato re numori .62 [judd ampan.
.63 Tape .65 Copoutura .63 Anituiningulián5

3.00 Rotor , comp lete 3.00 Rot o re comp lete 3.00 Rotor , komp leit
- 4.00 Cercas . del mot o r , compl ete 4.00 Carcass. del motor, comp lete 4.00 Molor höl j ., komp l.it

I $00 Caja di bornes , complete 5.00 Sca to ta monse tt i comp lete 530 AnsI ut ni ngslI da kom p l.it
S 6.00 Cojinot. dcl lado d. s.r vlc t o 6.00 Suppo rto oppo s to .1 lat e com ande 6.00 Lag .ranord nin g Ilátu t ,t d .n

CI An ullo Nib s .08 Anello Nib s .08 Soloing k&nn I:j Nilo~to Cojin ete de rodumiento .10 Cuscnnetso di rotola monto .10 Rublager
- 16 Ar undebe etitsticu .16 Anolt0 elast ico .16 Fjade nbricko r

20 Escudo portacojine les 20 Scudo di supporto .20 Lagerukold

- 7.00 Vent il.c i6n del moto r 7.00 Ventilaxion. dcl motorl 1.00 Motor s ky lning
.04 Ventitador exterior .04 Vent ofo osierne .04- FlaIl

- .40 Tap. del ventilador .40 Cappo della ventota .40 Flakttc3pa

Se suminustra por lu f itbr ica • Viene fo rni io come porn o di • kan best at l as scm res ery d el
-~ en catidad de pies. do ropuesto ricambio della Iobbrica. trIo fabriken.

- 

- 

.

i~o
- I ‘r T .—

# ~ 
- 

..- ‘\

~~~~~~~

I r~ \ -

740 I

~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 

‘ 

— 

) 616 
6’O

• ~~~~~~~~~~~~~~~ 2 2  ‘
~
‘ 

,.\ 
-

- 
-
- ‘

- 
_ i _ ( \- 

~ 6.-i) - 
- 

.4~~~ .-~ \ ~~~~~~~
- 

- s~~ 
6~’8 -5 

~~~~~ ,~~
- - - i~\ 

- - -‘-_ l .j
— 24 -3 .i.,U I . - - —

- 
_•

~‘ie Lb 
.:.~ 

- 
-:;~ 

- 
-

- 

,

~~ 
1/5 ~, -~ - / T~.

~~~ —
— __

•-.._ i - S -  - - .

I 
/ ~~~~ ~~~ I 

‘
~ 2 - --__

I.- 
126 ~ —

~~ j ’ — 2 1

I 
256 

280 
\ 
/‘ -

.:‘ ~~~~~ 2c ; ~~: 1
~~l j r3 1. a

~~~ s~ 
~~~~~~~~~~~~~~ I

I 
~ \9

1
~u r :

25t ~~~1::>. -~~~ ~~~~
‘ ,. - 

-

I / --- ‘
~~

-,

~~ ~ ~~~~~~~-y ‘ 
- ~~~~~~~~~~~~~ ~ ‘ 3.38

_
~~

___ — .j
_ . ‘ 

‘ 

- S

~ 
-,~~ 

‘—‘ Page 59 
- 

-

~~ 
- e*~~~~~ -~~~~~—--- - - - ~~~~~~~~~~~ .-~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~

~~
-— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 7 ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

~~~~~~~~~~~



taccordoment Conex Ión
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S ~ I - Attention! lors de b u s  tr avou x sur Ia machine , ii faut veu tler ~Atención! Aisles de omprender ctta lquier trabajo , cer ciorarse
~ ~~

- a ce qu ’eIIe soil hor5 Ien~ion. de que Ia má quina no osId halo tensiOn.
I 

~ Comparer Ia tenston et In fr C quenco du rOseau aux indica- La tensiOn y Irecuencia de In red tienon quo ser las indicadas
- ~ I t ions de Ia plaque signalCt i que. Une variat ion de ± 5 ‘Is de Ia on Ia placa do carac lerist icas. Son admisibles dosviac iones do

— - ~ ~- I tension ou do Ia frOquence est admissible sans abaissemen t tension o do frecuencia do hasta ~.5 ‘Jo, sin quo por ello dus-

~ :- cle Ia puissance. Si , dims cert ai ns cas cl~s tensions supöri euros minuya Ia polencia. Si on casos ais lados , y pasajeramon te , so
- - se présentent tempor airement it 051 recomman de do reg ler Ic presentan tensiones mós o levadas , se recomienda aluslar cI

S ~ 
disjoncteur sOrie moteurs pour uno i rt t enSi t e supcr ieure d’en- guardamotor eara una ittfe nsidad superior en un 10 i~, aprox i .

- 
- - 

- v iron 10 O/~ a I intens ité nominate RCa l ise r to branchement ol mzsdamonte , a Ia nominal . Llevar a cabo el enipalme y a coio-
S T Ia disposition des barrettes do couplago conformO ment au cación do los est ribo~ do maniobra sogun ci esquema quo so

- sdiéma suite clans Ia boite a bornes. Raccorder to conductour encuen tra en Ia caja do bornas. Empalmar eI conductor de
~ 

de protection a cello borne ®. protección at borne marcado con ~~~~.

S ~ (Ex)e Compresseurs (Ex)e Compresores 
I. L’emploi de cetto compress eur n~est autorise que clans des Solamente ostá permitido insta lar estos compresores on lo-

loc aux dans loque ls . es gaz exp l os i fs no se pr éseritent cales dondo, ocas ional mer ile , ex istan gases exp losivos . La
qu occasion nellement. Los gaz exp !osifs ne doivent pas étre ext racci On de dichos gases no está admit ida.

- - propulsOs par Ia souf l lante. Observar eI qrupo do encondido en Ia piaca do ensayo. A
- 

. Observer le groupo d inflammation indiquC sur Ia plaque cada motor doberá preconectarse un guordamotor cue so
signaletique. Chaquo moteur doit comporter en amount un a ustará a Ia intensidad nominal dot primoro y quo en caso de
disjoncteur sCrie nioteurs. Ce disjo nctour est a reg ler sur cortocircu ito (con el rotor frenado) dispare dentro del liempo
l’intensité nominate do moteur . En cas de court-circuit (on cas II admitido.
de rotor bloque), Ic d isj oncteur dolt déclencher dans ‘inter- Las reparacionos se rea l izarán en Ia fábricas de Siemens o bien. 
valle de temps admj ssib!e tE . serán efectuadas por especia listas oficia lmente reconocidos.
Les reparations doivent Cue effec tuCes dans des ate liers
Siemens ou ótre rCcept ionnCes par un expert offiz ielleme nt
reconnu.

‘

S 

~ - Echange des roulements Recambio de los cojinotes
- ~ An bout 10000 heures des service environ , remp lacer les Después de 10000 horns de serv icio , sustitu ir los coji rtetes .

-
. S palier. (Dans de conditions do service normales , temperature (Bajo condlc lonos do serv lc lo norma les , con temperatura am-

ambianto 25~ C env., plage de rég ime stable). Premier gr a is - biente do 25 C aproximadamen te , y si el compresor trob a 1a
I / sage avec Aeroshe ll Grease 16. en una zona e~1able.) Primer engrase con Acros helt Grease 16.

L. j ~~1 
Imp iego Användning F
Le so f f i an t i  vongono ut ili zza te  per convog liare aria ed altri Fläktarna lampar si g for transport av t uft och andra ej bränn-

; ~ 
- gas non imf iammabi l i chi rn icamente non agg ress ivi e non bara , ej aggress iva och ej exp los ivo gaser . Gaser som foiore-

esplosivi . Non sono adatte a ccnvog Iiare gas che contengono flats genom fasta kroppar far ej t ransport e ras . Flak larna lam-
~
r ;. 

~ ~ impurità. Funzionano in servi z io permanen te e sono osenti da par Sig fOr kontinuorl ig drift och behover ej skO tas.

t
~ Inst at lazi one Uppst~IIning

manutenzione.

c La posi z ione d insta llazione delle sof f ianfi C indifferente Fläktarna kan monteras med godtyckligt axe llä ge, f là kt -  och

,

5 ~ purchO non venga ostaco lata Ia venti laziono del motoro oppure motork ylningen far emelle rtid oj hindras.S delta so(fiar rte slessa.
i Rumorosith Butler

- 
- 
~ Per ev itare Ia propagaziono dci rumori , Ic soffiant i non FOr att minska bullret borf läktarna oj monteras pa liudlodande

- dovranno venir ins ta l lato sit pareti a buona co riduttività o eller - ref lekterande de lar (t. ex. tunna vaggar , pI~ta r och jr .-
S -

~~ 
irradiazione acustica (p.e. paret i sot t i l i . piastre di lamiera 0 nande). V id behov används I~uddanipande meflanlogg. Vid f r i

f~ - ~ .simili). Eventuairnerite Si frappongano 001 s ib t l  lonoassorbenli. sug- eller t rycks t u t s  kan en bullcrminskning âstadkornn ias ye-
Con asp iraz ione  o scarico da , r ispett i vam ente verso l’estorno , nom p~sättni ng av on extra ljuddämpare (so Kat P 2).

- F ~1 si puà realizzare unit riduz or~e della rurnorosità applicando
- I uno smorzatore addizionale (vedi Catalogo P 2). -

i I Var iaz~oni delta pressione e temperat ura Tryclcvarialioner och tenlperaturer
-É

-
. — - 

Tipo Tomçnerafura Tc - mp crat ura ar nm is ss- Con ci se..uenii porta ie be TYP Max lii- Ti bl~ten gas to mpe ra- Vid fOlja nd~ 9as” ..~riQ herambicnic b le  dcl mez7c- con- soll j - t  ‘ s , :icfl .Joo nun l6ien cm- rur c t  i, rtagssi dao a rt -c ia , fl~l~.,’ ’ ‘i

~oaiiato a l le n l ra la  c umpo .~~5 t . ’ ~~O si possono
ante cio~ vcn 1 ca r~

. cie :~e gnvninigs . insta bilt omrad~ . d v s

~~~ 

- 
max. 

della solf 
vai anion~ di pr es si ono tem peral ur med 3’.. mcd try ckvari ats on e r La.. u~- pst4

motorer sp ecia l- -Motor, Motori spe- motorert rifase Ciaii cxc- (Es)c-cu r . (Ex)e - CSA-esecu s. cSA- enfas-mono f asi 
______________________ 

2CH2 <0 ,6 m’/min2CH2 0,6 n.’/min 
________ __________________________

20-13 <0 ,3 m’/min 2CN$ <0 .3 m /mnn

~~ i
”
~ 

- 2CH4 c. 0.9 nn’knin 2CH4 < 0,9 m,min
______ _____________________ 

40 CC 75 ’C 40 t
2CH5 < 1,1 m’/m in 

_______ ______________________- 

- 40 °C 75 ‘C 40 °C 2CH5 < 1,1 m n/min

2CHS1 < (.6 m’/min 2CHSI J ~~~~ m’ionin

2CH6 <1.5 muimin 2CH6 < t .5 mVmin

— Quando il mezzo convog liato passa at l raverso Ia sof f iante , Vid passagen genom f ldkten uppvarms gasen.
esso v iene risca ldato , Transportriktning och anstutnings làda (so Fi g. 1)
Direrion c. di convo g liam cr ito e morset t icra (vedi Fig. 1)

- 

- Diie~ione di convoq li i r i sent o i - - - :  Tran sport r~Lf ninq
II sen:o cli roto~ i’nc ~‘ co Irlr .tss~’qnato da uni fr ecc i. i st i l lj to Rot at io ns r ik ~ii nqeir ar .tng iv c r s  rrwcj phil p,~ f ’nrits ida. OmLast -

- 
~~. frontale . Inversior- i c dcl se.r~.o di ro taz i~ ne e quindi della ninq av ret , i tj o nsri k~nj ir ,wii ~cl~ d.iriqc-noin Ira ns b-o r lr  ktn in t ts ’ir

d,rezior re cli convoq lktt un~nto ~ i Oft i i’ r to scarnb iando gli ,rlt ,ic hi e rh, ilts qenoni .~t f  I..i t r ss l u tr1i r t i ) ~. lednirq,1r hyt~ b it .  Dot upp—

di due condublo ri . t a  pres ~io’r.~ r,rnnliursl.i sa ra  a l l ora nilo- ..i - n.~ldd,i trv L~~t utgor da entt ,r~t 4.1 °o av dii f o t ra  viii il t rans .
s ‘.1~ ~ riir~nle 40 e,~ della prei..c- dn ’ntc a na!il.i di piirl.tta. porbin. l iqri Paae ~ 
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- ‘ Accessories
All Siemens Side Cfiannel Comprescors ncorporatc internal rm,lllnjnc HC . ’.,-~~.’ to i, b .ci
noise lovef$ sIll b~rthor . externiti Silencers ire duo/aisle Ihese ire lab’ c,,.ic Jul ii ~ ! i f l s f l
and are designed so thai b’ e i  may be bent i,y ii,nnd to .icCo’rsmo tile ‘S ~~~ 5 ii

betweon the cornhiros’~Or ~trrd connected lines and even can be r~.’n’ to 90 I Ce r’i)lol ‘
eliminate an elbow or lii 19111 quarters Alt silen cers arc supplied straigh t Ihey can e .
be bent by hand witboub tools 

/

— A .
~~~~.* / Flanged (F)

- 
- , U~~d where the silencer Is mounted on

/ S )fie compressor and discharge IS a-n�c t .
/ - 

~~~~~~~~~~~~ 0 C B /i~, to atmosphere, as is the case in some
/ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ I / , vacuum applications.

& 

ci ~~e-n~w’-s’~-#-nc--- q .r., - — — I

-: - - See Hose Flange /S S 

- -. Dimensions / 
/

‘ Flange to Nipp le (F/N)

- - 
, ~~~~~~~~~~~~~~~~~~~ 

4 1~~ Used where the silencer rn~ unts on the
- ‘ .- 

.- .
. -i114 I o~ o~,c~ ’ ~~~~ I compressor and discharge •s into a

~
“\ hose.

S 
- 

i _ _ ~~ ~~~~
- - See Hose Flange See Hose Flange

\ 
- Dimensions Dimensions

Nipple to Nippte (N/N)
- S 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Ir-lp_

-. - -r !\.~ - ~~~~~~~~~~~~~~~~~ ~ I4 Used where the silencer is to be
\ ..- - - . S ~~~~~~~~~~~~ ,J installed in a hose line.

\~- 
~~

-j  See lfbse Flange See Hose Flange
Dlnj~nsions - Dimensions

~\ \ S / \
. Flange to Pipe (FIP)

.~~
_ ‘ \\ Used where the s c-n “r i’

\\ 5P”.~~ ~‘i~cm’.v ,‘-sv3(nci -~~ e~ on the corr~’c-sso ’ .‘ - a i-i. -~‘ge is
4~ 4 ~~~~~~~~~~~~~~~~~~~ Into piping. (Terminates . a rc...,ed
itJ ~~~~~~~~~~~ ~~~~~~ ~ pipe flange on one end.)
~i ’  ~~~~~~~~~~~~~~~ ~ — n~ See Pipe

~~~~~FlangeSee Hose ~~ange See Hose Ft~nge Onensions
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~
i i  - - - -“ -- - - - -. ~~~~~~~~.-(‘ /“~ ‘~ .-. — 1  -~~~i~~ ,~

~ t i ~~~~~~~~~ -.n~ - f l -~
) .J,;~~ • i : - .~ . ’ •

~.~-

/

1 
5

-~ 

//
/  PU’E FLAN GE 

L A _____

,
~ / 1~~~iypes Of _________

- - -/ flanges are a~ .1-1ibe T \ 
~~- 4 - - - - S - - threaded eec I il- cs C

/ -. and hose flanges

r / The accornpanyng -

/ drawnqs anEf I / i c E  _~ - A -

/ give parl nurnbersand

/ 1~ - 

SignIcari l di’nensions 
~~~~~~~~~~~~~~~~~~~ 4 1 4

/
1 ‘- . 

- -

- 
~~~~~ 1 /  

HOSE FLANGE 
35.1 L-~~~J

I 

/ 

- 

-

, 
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~: Accessories

- A - 
Flsngsd (F)

.5 -

CB , t ) ~~~
- I  -

- sd - ‘

)(~ 
--Ic y- F,, ’

SIOflS

_________ 

Fl.ngs ~~ N1pp4. (F NJ

~~~ I ,‘.‘s~I 1.’ s - i  - c, - i’ -’ C-~~~~ 
- -

5 .

-

-
~ ‘~~ s-1’-c’ .5” c .~~

- . 
~
,. ~~555. 5 )5 5. F

D— ’ - - ions

__ 

NEp~ Is to P4~ppl.(N N)
I ~~~~~~~~~~~~~~~~ I —

- ~~ is ’ i’ r  ‘ ‘ ‘ s
~~~.

s
P 1 ‘ 

- . 5 - - S .-  
-~~~.., i~- ; - c ~~’ --~~. - s

~~~~~~~~~~~~~~~~~~~~~~~~ 

Fl~ng.to Pips (E P)

t s-.. 
~~~~~

~ ~‘i5o 5 0 .’

5- C ~.l
- — 

- 

. ‘- - 
~ ~e’.

A

HOSE FLANGE
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~ I
. ‘ Attenuation with External Silencer

S ~~ , ~ Compressor Noise levei Withou t II Reduction With How to Specify a Siemens
, ~ Series External Silencer External Silencer

S ‘ ~~ —-—5-— —--— ______— - - Side Channel Compressor
~ 

. 50Hz 50Hz Overall dB(A) dB(A) ii, 2100Hz
. 

I — —.———— — 
____________________

I ~ 

2CH4 73 69 4 7 consult the perlormance curves on Pages 4 and 5 to

2CH2 74 72 10 20
2CH3 69 66 5 9 To specify a Siemens Side Channel Compressor ,

2CH5 77 73 5 8 determine which basic model best Suits your flow and
S . 2CH51 77 73 5 81 . 2CH6 80 77 6 8 

pressure or vacuum requirements. Make aUowance

~ I c. ‘Measured at a distance of 3 feet and at 50% maximum ~P this is at all likely. Refer to the specllicatbons table on
for a possible future increase in your requirement if

I ~ - Pages 8 and 9 b r  the model number of the appro-

~ 
priate size unit which matches your available power.

~: External Silencer Part Nos, As art example, the requirement is for 60 cfm at a
minimum pressure of 50 inches of water . Power

~: 
.. ~ 

~~~mp,essor Flanged* Flange to Nipple Nipple to Nipple Flange to Pipe available is 230V , 30, 60 Hz. The performance
c Serie s ~ curves show that a 2CH5 machine wilt satisf y t~’ . -

S ~ ç 2CH2 2CX1 030-iF 2CX 1 030-1 F.N 2CXI 030-1 N/N 2CX1 030- 1 F P -
- . 

2CH3 • 2CX1 031-iF 2CX 1 031-1 F- N 2CX1 031-1 N;N 2CX1 031-1 FIP 
requirement , it having a rating of 60 cim and 80
inches of water. The Specifications Table shows— ~ S ~ 2CH4 2CX1 030-iF 2CX1 030-1 FiN 2CX1 030-1 N.N 2CX1 030-1 F P Mode l 2CH5 041-lU is rated for 30 230460 volts ,- 2CH5 ~ 2CXI 030-iF 2CX1 030-1 F-N 2CX1 030-1 N-N 2CX1 030-1 F,P

.. ~ ! 2CH51 2CX I 030-IF 2CX 1 030-1 FiN 2CX 1 030-1 N N 2CX I 030-1 F P ~° 
Hz. Therefore the unit to specif y is 2CH5

~ 2CH6 2CX 1 028-iF 2CX1 028-1 F/N 2CX1 030- 1 N/N 2CX1 025-1 F,P 041-lU.

r ~ ~- except 2CH6, m lOx25 for 2CHG.) curves on Page 14 give noise data , Silencer part

-
~ 

Next , considering the installation , ascertain wheth-
~ Supplied with gasket and mounting bolts (m8 x 25 for ~;; er or not an external stlencer is needed. The

~. I - numbers are listed on Page 1 1 . For silencer
consult conf iguration drawings and specif y the

. one conforming to your application arid tne ap-
S Silencer Dimensions Table propriate compressor. Obtain the model ncm~~~r

- t ~ ~~ad No, A B C D from the External Silencer Parts No. Table. For a
t ~ CX O3O-1 8” (Approx ) 3.15 1.97 M8/25 2CH5 machine the Silencer would be 2O~~— 

~OX O31-1 - 8’ (Approx.) 2,95 1.57 M8/25 030-iF , 2CX 1 030-1F/N ,2 CX1 030-iNN or 2CX 1
5 ?CX 028-1 8~(Approx.) 3.15 1.97 M10i25 030-1 F/P as appropriate.

If hose is to be connected to the compressor 
___________________________________________ 

directly, specify the appropriate hose flange. If a
- threaded pipe is to be connected to the compres-

sor, specif y the appropriate threaded pipe flange.
(It is not necessary to specif y the bolts or the

THREADED PIPE FLANGE gaskets since these are automaticall y provided as
needed with the silencer or flanges.)Part Nos. and Dimensions

Four silencer arrangements are offered to accommo-
- Compressor Threade i Dimensions (Inches) date the requirements of various installations. (See

- t Series Pipe FIan~,e° A B C D E photograph and dimensional drawings.) The hose
- ‘ 2CH2 - 2CX1 038 3.94 1½ 2.95 .511 M8,”25 I flanges and threaded pipe flanges used to assemble

.. ~ 
- 

2CH3 2CX1 037 3.15 11/4 2.95 .511 M8-25 t the units are those illustrated separately. Each con-
2CH4 2CX 1 038 394 1½ 2.95 .511 M8-25 figuration is complete W ith gaskets mounting bol s

~~~~ -~~~~~ 2CH5 2CXI 038 3,94 1r/~ 2.95 .511 M8.25 ‘ and the nuts and bolts required to couole the f langes.
t~ -‘.~~~, 

‘ 2CH51 2CX 1 038 3.94 1V2 2,95 .511 M825 Other conflgura~ions , for instance , pipe flange to ~ oe
2CH6 2CX1 041 4 .41 2 3.35 .630 M1025 

I flange, obviously can be created. For such special

ponents required to create the configuration.~ includes bolts and gasket 
- applications, order the basic unIt (F) and the corn—

- “ 4 .
HOSE FLANGE -

If the equ pmonl being built is for export and r eqai rOS~aPart Nos. and Dimensions motor for operation on electrica l power of bier than 115. 230
- Compressor Hose Dimensions (Inches) or 480 volts , one of If ie units available on chec al ci rcle ’ may

fit . (Some wide range volf acte motors are avaiiable fromSeries Flange A B C 0 E stock ) Motors are available on special order at any ‘~u i .1-ie
2CH2 2CXI 033 3.93 2.55 2.0 1.83 M8 25 up to 600 volts for 60 H~ and 590 vOlls for 50 Hz For Ile
2CH3 2CX I 032 3.34 2 12 1.5 1.43 M8 25 rare exception custom motors can be rnanutaciurea 10

~~~~ 2CH4 2CX 1 033 3- 93 2,55 2.0 1 83 MB 25 meet a specif ic vo ifage and frequency
- . 2CH5 2CX 1 033 3.93 2 55 20 1 .83 M8 25

2CH51 2CX 1 033 3 93 2.55 2.0 1,83 M8 25 To meet the needs of customers with 208 or 550 vo !b c ci.s er

voltages are kept in stock
2CH6 2CX I 034 393 2 55 2.0 1.83 MiD 25 a limited quantity of units powered by 30 motors for these

• ifl~liide~ t,olb’c and q. ic- kct -
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INTRODUCTION

Completely transistorized for operational dependa- The Model 65 Ultrasonic Nebulizer Is nc4 designed
- - bflity. the Model 65 has the capability of infinitely in accordance with electrical standar ds for “Explosion

~
‘ - variable output volumes with a ma~dmum of 6 cc of Proof” applications. Consequently, you~ attention

aerosol per minute. Production of varying volumes is directed to the cautionary imprint oi~ the front
of high density, homogeneous particle aerosols make panel of the nebulizer. It reads ; W A~R N I N G  -

the Model 65 particularly useful in the moisturizing DO NOT OPERATE IN A HAZARDOUS ATISDOSPHERE
- of dry gases associated with intermittent positive NOR WITH FLAMMABLE AGE NTS. REAR OPERA-

pressure and anesthesia procedures. ‘3ther uses TIN G MANUAL CAREFULLY.
include periodic aerosol treatment and mist tent

- therapy. Careful attention is invited to the instal’ation and
operating instructions. They have been p~ovided to

is to be noted that another performance specifica- insure the satisfaction you have a right ~o expect
tion of the Model 65 relates to its nonfccusing trans- from DeVilbiss “Precision Built’ produ4r . We
ducer which provides for the complete aerosolization also suggest the prompt return of the war r~~tty card
of varying quantities of fluid as measured and placed to be certain your nebulizer is registere4 on our
within the nebulizing chamber . Unquestionably, the records.
exceptional versatility of the Model 65 makes it an -

- 

- i Important addition to the armamentariuni of respira-
tory therapy.

~~

. 

~l. 

-

GENERAL DESCRIPTION
‘4 

1

- MODEL 65 (SEE FIG U RE 1) In addition to the self-contained air supply, the car-
n cr  gas used to exhaust the aerosol droplets from

The ultrasonic power section in the Model 65 develops the nebulizer chamber can be the mainstream gas of
- , 
:.t 

- approximately 1.350.000 cycles per second (1.35 MHZ ) of an intermittent positive pressure machine, air
electrical power which is conducted to a lead zirconate from a compressor , or gases from a compressed
titanate transducer also built in the Model 65. When gas cylinder and anesthesia machine. (Do not use

- energized by the high frequency electrical power, the fl.amrn able agents.) Central air and gas systems can
- - .

- 
- transducer changes its thickness at the frequency of also be utilized. As with other DeVilbiss ult rasonic

the applied voltage. Water in the couplantcompartment nebulizers , it is also possible for the patient to with-
transmits the vibrational energy generated by the draw aerosol from the chamber by his own respiration.
transducer into the nebulizer chamber atomizing the
liquid to be administered into minute droplets .

-~~ * U.S. Patent 3, 387 , 607; Canadian Patent 777.453; Other patents pending.
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The ne ’t*iliz,-r i.~nibet f ur n i s h e d  ~e i l t i  t h e M~de-l 65 Ultr asoni c aerosols def f ( r fron i those pruduc~-d by
is designed to r ec e iv e-  nut more ’ than 180 cc. ~ f con ven ti On al air .‘r gas eipt-r ati-d g~ iii i a t l ) r S .  Thc

- netxilizing liquid in a single’ filling. I- or prolonged maxiniuni rate of in-I p aliza t iun 1)0851b11 with this
ae rosol prudueto ,i . liquid reservoirs .eii.t fee-d svst eflis Unit  is niu(-h gr eat e-r than tha t ~f t i , i i V i - t i t  ii,ioiI
art ’ available ’ at additional cost . I-or 1/2 liter ne-I *ilize-rs . Also the aerosol particles arc far
reservoir svste-rn , order No. 2— 101~ . For 2 l i ter more un iforn i in size resulti ,ig in more effect iv l-
reservoir System , order N t .  2-10 17. Opt-ration of uti l izat ion and stabi l i ty.  The abi l i ty  to adjust aerosol

- ~-~h the liniite-~ h’~d and continuous (e ’e-~l systenis is de’nsity adds a new dmiension to aerosol therapy.
- ~1.-sc ribed in thi s In~t i u~tion Manual. Ultrasonic aerosols should be used by or under

the dire ction of a physician .

,

i

.5.

5~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~

— I
- ,.—

.—-I

~~

-
_ /  

_,
_._

___
__.14

H - 1
I 13

I

,1

12- ,,

‘4 ’ -

II
7

— 

- 
- 

I

~ 
.~~j 1. C.irrv ing handle H , Elbow (2 re( luire ’d~

~: ~~~ I knob 

- - ~~~~~~~
4 .  Add (.ouplant warning liL~t1t indicator window

-. -
~~~~~~ - ~. j’ ,~~~ I- ~~~~ ligh t I I .  ( ‘.,rrii-r - ‘ s ’sr t ’h ., mtit- r r ’~~-r 12 , (‘ot ip lant  ‘iinili.,rtm,-,,t‘7 , ~~~~~~~~~ chamt ) e r i : i  !) i - .,,n t ut , e ’- 

. 14 . A i r supply Iio~,
H~~ti r,- 1. \ t d, I I l l- i - - s i - \ I,ulj ,,
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- I. Model 65 Ultrasonic nebulizer 5. CarrIer gas adapter
2. ContInuous feed nebulizer chamber 6. CoupLant compartment
3. Couplant compartment cover 7. DraI n tube

(2 required) 8. 2-LI ter reservoi r
4. Aerosol hose L Air supply hose

FIgure 2. Model 6582 U Ltrasonic Nebulizer

/
I ,.i 

-

. 5 ,

MODEL 65*2 (UI FIGURE 2) STAND MOUNTED MODELS 
S

In addItion to the stand , all stand mounted mo,lels
- , include the same basic equipment as the Model

SI - The Model 6582 con~ tsts of the Model 65 nebellzer 3582Ac
S - equipped with a continuous feed ni-bulizer chamber Model 65 nebullzer with continu ous feed chamber
‘i~ ,~ 

instead of the single tr eatment chamber used on the

- 
- Model 65 . and a 2— liter  reservoir. 2-l i ter  reservoir

-~~~ 
S 3
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Figure 3. Model 6574 Ultr asou te Nebulizer FIgure 4. Model 6584 Ultra,sontc NebuLizer

MODEL 6574 (MI FIG U RE 3) MODU 65*4 (UI FIGURE 4)

The Model 6574 Is equipped with an upright, plated The Model 6584 Is equipped with an upright , stain-
steel stand, No. 2-500. less steel stand, No . 2-502 . A canopy trarne .LnCI

L 
e tent canopy (No . 2-1014, avaiLable at additiona l cost)

p -
~~~~~ ~ can be mounted on the Model 6584A sta nd .

-67-
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Figure 5. Model 6585 Ultrasonic Nebulizer FIgure 6. Model 6586 Ultrasonic Nebuhzer
I -

_Sl p

MODEL 65*5 (SM FIGURE 5) MODEL 65*6 (UI FIGURE 6)
A mobile stand, No. 2-503, Is furni shed wltht he Model The No. 2-504 mobile stand furnished with the Model6585 nehuhzer . 6586 nebullzer is equipped with storage tray s In the

- base.
~~~~~ .

4
’ ~

~
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INSTALLATION
UNPACKING INSTALL BRACKET AND RETAINING PLATE

After unpacking the equipment , examine it for damage USING ONE THE TWO ARRANGEMENTS

which m a y  have occurred in transit. SHOU LD ANY SHOWN BEL -

SIGN OF DAMAGE BE APPAR E NT. FILE A CLAIM
IMMEDIATELY WITH THE CARRIER STATIN G TUE RETAINING
EXTENT OF DAMAGE. 

- ~rri 
PLATE

L Bend back the rubber hold down tabs and remove FEMALE
the two couplant compartment cover halves (9 BRACKET

~- - figure 1) from the nebulizer , and check that no £414 FINGER
foreign material is in the couplant compartment. SCREW NUT
Clean per cleaning instructions step 1, page 14. SSF-4001 21581.735

CAUTION: Do not lift the ultrasonic nebulizer BRACKET A R R A N G E M E N T  FOR COLUMNS UP
by slipping the hand under the rear of the unit TO 1 INCH DIA.
since this may dislodge the air filter or bend

- the air Inlet screen. Always lift by grasping-: the carrying handle.

2. The unit can be operat ed while sitting on any con—
venient table. However , electronic cooling and
carrier air enters through the nebuLizer bose.
Therefore , It is important that the nebulizer
~pj~ be placed on a towel, rug, paper or other
material that could restrict air flow.

BRACKET ARRANGEMENT FOR COLUMNS OVER3. A reversible bracket is provided on the back 1 INCH DIAof the unit for attaching to other equipment
- 
,, (such as the column of an I.P.P.B. machine).

— To secure the Model 65 to a column proceed
as shown in figure 7.

t 4. Pour room-temperature water into couplant compart-
ment until the float rises and touches the float
retaining clip. Be certain that the drain tube is
inserted securely into the drain tube clip (See Fig. 8).

NOTE: The liquid level float switch is a safety
feature that allows the unit to operate only when MALE

— the float is in the raised position. If the water level BRACKET
should fall behw a safe level , the warning light (4, 65-7

— 
Figure 1) will c )me on and the unit will automatically -
sa-~ut off to prevent internal damage to the unit.

5. Place the two couplant compartment covers around I
the lower half of the nebulizer chamber (below the I

‘4 elbow outlets and above the bottom flange), and press I I
5 - together until the covers snap into place. (See I I

figure 9).
- FEMALE

BRACKET -

- ‘
~~~~~~~ NOTE: A fill line indicator is installed 

2-414

‘1 in the front ri ght corner of the cou plant
com partment. When the water level SLIDE MALE BRACKET 65-7 MOUNTED ON 65A
reac1~es th is indicator , the liqu id level NEBULIZER INTO FEMALE BRACKET 2-414

- 

I 
float should be in the proper ‘ on ” posi . MOUNTED ON COLUMN.
tion. (See Fig. 8) _____________________________________________

- FIgure 7. Bracket Arrangements
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~~ POUR IN SUFFICIENT COUPLANT WATER
‘- 10 RAISE FLOAT •I~OTHE ‘ON” POSITION. P~8tLIZERO4AM

~~~ ~~~~~~~ 

BER

-

- 

DRAIN FLOAT COUPLANT ~\.___

-

- 

H 

, ~~~~ UUZER~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- Nk COUPLANT DOWN

- 

: 

POST ASSEMBLED

- 

- 
COMPARTM ENT ,, 

~ 
TABS

- 

.

- 
‘ 

- 
DRAIN TUBE 

~~~~~~~~~~~~~~~~~~~~~

I DRAIN CONTAINER

FIgure 8. Couplant Water Level FIgure 9. Cover Installation on Nebulizer Chamber

~
-

NOTE: When necessary to remove the couplant a. When using the sell-contained air supply , connect
p compartment covers from the nebulizer chamber, the air inlet andaerosol hoses as shown in figure
r grasp each cover with a separate hand. Hold the 10,

I left hand steady, and twist the right handvertically b. When used with l.P.P.B. machines , it is recorn-clockwise to snap the covers loose. Do not attempt .mended that a check valve be installed in theremove y pulling straig t apart. Inlet elbow of the nebulizer chamber torder

- 

6. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ et~~~~~~~~l v  

lnstail the check

L until the two rubber hold down tabs snap over the e car e gas.  ee igur

1. ~ 
- covers. Correct assembly configuration is shown NOTE: Never install check valve on the outlet

I - In figure 9. elbow (elbow that leads to the patient).

NOTE: Note that the indicator window (10, figure 1) c. For anesthesia machines and similar equip-
~~ 

- In each cover will show black when sufficient water ment , connect the carrier as to the inlet elbow

~~~ 
~~~~~ Is In the couplant compartment. if the water as in figure 12.

— 
should fall to an unsuitable level, the indicator d. For air compressors , central gas systems ,

- 
ow w s w g - Compressed gas cylinders , and similar equip-

- 
‘
~~~~~~~~ 7. Remove cover (6. figure 1) from top of nebulizer ment, install the DeVilbiss adapter in the inlet

chaniber , and pour not more than 180 cc. of liquid elbow; then, connect the carrier gas to the

~ 
,~4 

In the chamber. Do not allow liquid level to go above a P er as n igure -

- ~ .~ the bottom of the elbow ports. (See figur e 19.) 10. Connect a suitable aerosol hose to the outlet
elbow, and lead to patient .

8. Check that both elbows (8, figur e 1) are firmly
~
‘- ~, Installed In the nebulizer chamber. 11. Connect the power cable to a 115 Volt AC,
~ ,, 60 Hertz , power source. Ilathree-wire receptacle, -

~~~ 9. There are various methods available to connect Is not available, use a ground—type adapter with its
the carrier gas to the nebulizer chamberdepending ground wire secured to the electric grourd . The

- .- on the equipment being utilized. Model 65 is now reaLl y to operate.

7
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FIgure 10. Carrier Gas Hook-up for Figure 12. CarrIer Gas Hook-up for Anesthesia
Self-Contained Air Supply Machines and Similar Equipment
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Figure 11. Carrier Gas Hock-up Figure 13. CarrIer Gas Hook-up for Air
for LP.P.B. Machinee Compressors, Central Gas Systems, and

Compressed Gas Cylinder. )
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RESERVOIR-~~~~~~~~~~~~~~~~~~~~~~~~~~

LI~JID SMALL DIA
RESERVOIR TUBE

• FIgure 14. LIquid Reservoir Installation for
ContInuous-Feed System

CONTINUOUS-FEED SYSTEM the proper level , as sensed by the chamber
• liquid level control , the flow will stop. When

-1. ’ if the continuous-feed system (with the liquid level liquid level in chamber falls, air flows through
control In the nebulizer chamber , and liquid reservoir) large-diameter tube into reservoir and allows
Is to be used, proceed with the remaining instalLation more liquid throughsmafl -diameter tube. Replace
steps: nebulizer chamber cover when satisfied that flow

is proper.
12. Remove cap from the liquid reservoir. Connect

the small-diameter tube between the smaller- NOTE : If, after releasing clamp, liquid does notdiameter fitting on the cap, and the smaller- flow Into nebilizer chamber, check the small-dlameter (lower) fitting projecting from side of the diameter tube for visible air bubbles. If bubblesnebulizer chamber. Be sure that the tubing CinUIP are . found, try tapping tubes with the fingers to
Is on the large-diameter tube; then connect this force bubbles out. If not successful , tip reservoirtube between the larger-diameter fitting on the upright, and drain all liquid from tubes (no needcap, and the larger-diameter (upper) fitting on to disconnect reservoir). Clamp off large-aid, of nebulizer chamber. (See figure 14.) diameter tube, and invert reservoir . Release

tubing clamp; flow should start.13. FIll reservoir. Check that tubing clamp Is closing
off large-diameter tube. Install f illed reservoir NOTE: When refilling reservoir , follow stepsIn cap. (See figure 14.) Then hang reservoir on i~ and 14.
a suitable bracket near the unit.

CAUTION: Be sure tubing clamp is closing off MODEL 6574 STAND ASSIMILY
large-diameter tube before Inverting reservoir.
If tube Is not closed off, an air or water lock 15. Assemble the Model 6574 stand (No. 2—500) as
could result that would prevent liquid from follows (see figur e 15):
running into nebelizer chamber. Be sure that
both tubes do not loop down below the top surface a. Position the stand legs (1 and 2) against the
of the nebulizer. lower mast (3). The leg on the mast and the

other two legs should be equally spaced , appro,o-
14. Release tubing clamp. Liquid will flow through mately 120 apart.

the small-diameter tube to nebulizer chamber.
Remove nebulizer chamber cover to observe liquid b. Attach the two legs to the lower waat with two
flow. When the liquid level in the chamber reaches threaded studs and four acorn nut s (4).

Page 72
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F1Lig 0 $‘1 2.Leg
3. Lower mast

- 4. Acorn nuts
0 5. Upper mut

• 
-~~ 6. Reservolr

bracket

• 2.Leg ., 4
3.Lower mast : 

-

_ _ _ _  4.Acron nuts ‘ 

- 3-
- 5.Uppem mast ~ :

6.Button .

-.
~

_____ __________ k -‘-~-~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~( FIgure 15. Stand for Model 6574 FIgure 16. Stand for Model 6584

c. Insert the upper mast (5) into the lower mast - - - - —

L and slide It down into position so that the button
F’ - • (6) on the upper mast snaps into the hole in the - 

-lower mast. - ‘—‘--
~~

1. Mast
MODEL 6584 STAND ASSEMILY 2. Reservoir bracket
16. Assemble the Model 6584 stand (No. 2-502) as ~ Base

follows (see fIgure 16):

a. Position the stand legs (1 and 2) against the
lower mast (3). The leg on the mast and the
other two legs should be equally spaced,
approuimately 120° apart.

b. Attach the two legs to the lower maet with the
two longer threaded studs and four acorn nuts
(4). 

-

c. Insert the upper mast (5), wIth the reservoir
bracket (6) installed, Into the lower mast.
Line up the holes In the upper and lower masts .

~ 
-
- 

-

and Install the short stud with two acorn nuts 
.

(4). .
~~~~~

MODEL 6585 STAND ASSIMILY

17. To assemble the Model 6585 stand (No. 2-503),
Insert the mast (1, figure 17), with reservoir
bracket (2) attached, into the base (3) until the - -

button In the mast snaps into place in the hole
In the base upright. FIgure 17. Stand for Model 6585

10
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Figure 18. Stand for Model 6586

.7 . . 

0

MODEL 6586 STAND ASSEMILY 21. Pour room-temp’raturetap water lnto the couplant
- compartment in accordance with Installation step

- 
- 18. The Model 6586 stand (No. 2-504) 11 assembled 4,

0 by Inserting the mast (a . figure 18), with reservoir
bracket (2) attached, Into the base (3) until the 22. Inatau the nebulizer chamber in the nebulizer

- . b~tton In the mast snaps into place in the base module In accordance with Installation step.
vpi’lgtd. Th. tr ays (4) are removable for cleaning. 5 ~~~ 6.

NODULE INSTALLATION (MODELS 6574, 6584, 23. 
~~~~~~ ~ i~i 

~~~
O

i ~~~~~~~~~~ ~::~ :6515 and 6316) with Installation steps 12, 13 and 14.

NOTE: Refer to fIgure 3, 4, 5 or 8 for nius- 24. Connect the air supply hose (the shortest air
fration of completely installed model, hose) between the air supply and either of the

two nebulizer chamber elbows (depend ing upon
the equipment placement).

19. Remove the two covers (3, figure 2) from the
~~~~~~ aebulizer module, and check that no fore ign 25. Connect either end of the aerosol hose (the longest

-
~ . material Is in the couplant compartment (6). air hose) to the rema1n4~g nebu lizer chamber

0 Clean per Cleaning step 1 If necessary , elbow. The free end of this hose Is for use by the
L. patient; however , for convenience , on Models 0

• 20. Attach the nebulizer to the mast as shown 6584, 6585 or 6586, It can be engaged in the
oa flgure ’l. clamp at the reservolr bracket. -

7

11
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NOTE: During operation, the aersol hos. must For the conthsious-fead nebulizer chamber. proceed
travel upward from nebulizer chamber to patient as follows:
so that condensation can drain back to nebuliser
chamber. Also It is important to eliminate all 27. DIsconnect the large and smaU dIameter tubes
low spots or loops in the aerosol hose which from the nebulizer chamber. it Is not n.c~~~ary
might blockdrainbackof condensate, thus restrict- to remove the liquid level controL
lug proper flow of aerosol through tube.

- - 28. Remove cover from top of nelarlizer chamber
28. Connect the three prong line cord to a 115 and pour not more than 180 ccs of 11quI4 In

Volt AC. 60 Hertz, power source. If a three- the chamber. Do not allow liquid level to go
wir e receptacle is not available, use a grounding- above the bottom of the elbow ports. (See
type adap ter with its ground wire secured to figure 20. )
the electric ground . The unit Is now ready to
operate. Frequently It Is desirable for aerosol to be adml*-

Istered to the patient on demand or by his own res-
piration. This technIque eliminates any waste of
nebolized solution. When utilized in thIs fashion
remove the air supply hose from the air supply

SINGLE TREATMENT INSTALLATI ON outlet. This disconnects the air supply and prevents
• the aerosol from being co” 4nuaUy delivered into the

Doth the standard and contInuous-feed nebulizer atmosphere and provides for better quantitative dosage
~ 

-
~~~~

. 
. chambers can be used for nebalizing small amounts controL

of liquid.
The aerosol chamber is designed for versatility and

With the standard nebulizer chamber furnished with Is adaptable to most techniques. Thus, It is Ira -
Model 65, proceed in accordance with Installation portant to carefully follow the physician ’s prescrip-
step 7. lion and directions .

0 

-

0 -

12
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L - OPERATION

II STANDARD 11 ~~~~~~~~~~~~

II CHAMBER III FEED

II CHAMBER 

I II*u~
LIQUID LEVEL MUST
NOT GO ABOVE THIS
POINT LIQUID LEVEL

SHOULD BE 
____

- SLIGHTLY ABOVE
ThIS STEP

L ‘~ LIQUID LEVEL
0 ~~

‘ 
~~~~~~~~~~~~~~~~ 0—RING SEAL CONTROL

- . : . DIAPHRAGM ~~~~~ 0—RING SEAL

LA~~~)’~~~~~~ 
~~~‘Kil~JRLED NUTDIAPHRAGM DIAPHRAGM KNURLED NUT

Figure 19. Proper Liquid Level for FIgure 21. Proper Uquid Level for Continuous-Feed
L
I 8lI~ le—Treatment

1. Recheck the water level In the couplant compart-
ment . Be sur e the water level Is 1/3 of the way

• up on the couplant sensor cap. (See fIgur e 8.)
______________ With the couplant compartment covers Installed,

f A U Y , k I I U.~
,,e I the Indicator wIndows (10, figure 1) will show

black when water is at the proper level. If m di-FEED cator window shows light, refi ll compartment.• CHAMBER I I Periodically check either indicator window dur ing
operation.

LIQUID LEVEL _____ 2. Check the liquid level wtthinthe nebulizer chamber:
0 MUST NOT GO For sIngle-treatment, the level should be slightly

ABOVE THIS below the ports. (See figure 19 or 20.) For con-
tinuous-feed , the level should be slightly above

- POINT the second stepped surface of the liquid level• --

~
-----

~-~
--

~-r 
- control. (See figure 21.)

• ::• .f . 3. Set the output control knob (2, fIgure 1) of the
L nebulizer module to No. 10 and turn the switch

- .: (3) to NON’ position.

_______ 4. If properly connected, the power pilot light (5
fIgure 1) will come on. Evidence of ultrasonic

• activity can be observed through the transparent
cover (6) of nebulizer chamber,

- NOTE: If the ~Add Couplant’ warning light (4)
comes on, it will be necessary to add couplant

FIgure 20. Pr oper Liquid Level for water (refer to installation step 4) before ultra-
Dogle-Treatment sonic activity will begin.

!!1 
•

1s
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5. Also tVrfl culpol control beob to other visIble 6. U the unit appears to be operat ing satisfactorily,
• 

- 
- - • positions to insure operation on all ranges. No turn off the power , clean and prepare the liquid

visible aerosol will be generated on the lower reservoir , tubes neb*ft zer chamber, air and
setting. ~~ 1. aerosol hoses to your sterile spec*ficatk*I5.

NOTE : During operation, the aero sol hose must
NOTE: Mor e power Ii required to Initially travel ~ from the nebullz.r d*mber to
create an aerosol geyser. Therefore, when it Is patient so that condensation can dra in heck to
desir ed to operate on lower power settings, It nebulizer chamber. Also It Is Important to ehmi-
may be necessary to momentarily increase the nate all low spots or Iocç. In th. aerosol hose
power setting to create the geyser then reduce which naIglit block drain-back of condensate, then
to the desired operating setting, restricting proper flow of aerosol through hose.

CLEANING
IL;

1. NEBUUZE R MODULE COUP LANT COMPART - c(s~ Isnt by var ious medicanastits since they may
blENT. Clean the couplant compartment aa tollows chemically attack the transducer.

a. Drain water from couplant compartment by 2. NEBULIZER MODULE EXTERIOR . Clean the
removing drain tube from rubber clip and drain nebulizer module cooling fins (at beck ci module)
plug from the tube. Hold the tube down allOwing WEEKLY by vacminüng or blowing cut with corn-
the water to drain into a suitable container, pressed air. Remove all dust and foreign matter

• - - 
(See figure 10.) Gently collect the remaining that migia accumulate between the fins .
waterwith a soft , damp cloth. Refilithe compart—
ment with fresh tap water. 3. NEBUUZER CHAMBER GENE RAL CLEANING .

CAUTION: DO NOT PLACE AI*çY DOWNWARD a. Clean the nebulizer chamber DAILY by using
FORCE ON THE EXPOSED TRA1tSDUCER SUR- one of the following methods.
FACE VISIBLE IN THE BOTTOM OF THE
COUPLANT COMPARTMENT. (1) Autoclave.

b. Remove clip an d float (See Figure 8). Clean the
post an d floa t by wiping with a soft , damp cloth. (2) Ga.. sterilization.
The hole through the float can be cleaned with (3) Wash in alcohol and air dry.

c. No special precautions shouldbetaken regardIng (4) Wash In 2% acetic acid (white vinegar is
sterili zing the couplaat compartment or c l s a t  4 to 5% acetIc acid). Rinse with clear
water since they are not In contact with liquid or water and air dry.
gsa emanating from the nebilizer. Care should (5) Wash In hot , detergent water, NOT SOAP.

-

~~~ F be exercIsed In preventiog cont~m1n~tIcn of the Rinse thoroughly and air dry

~T. ~~~~ ~~~~~~~~~ 

-

_ _ _ _ _ _ _  

- ,

- H  

•

0~~~~~~~~~~~~~~~~~

- 

- FIgure 22. Reniovlng Nsbullzer Chamber Uquid Figure 23. Remov Ing Diaphragm Reta iner

14 
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b. Many doctors are reconunetidjng that nebulizing and out Its top. Use a soft thin bru sh or p ipe
equipment be washed or c lss~d DAILY wItIj cleaner to clean the cont rol passa ges. Reinsta ll,
Z’i acetic acid (white vinegar ) as a prevent.. being sure that both 0-ring seals are in p lace.
ative measure for pseudomonas. To use this
method with the DeVilbiss Ultrason ic Nebiliur , 5. NZBUL IZER CHAMBER DIAPHRAGM - Per iod-
the following procedure Is reconunsnded: icafly remove plastic diaphragm at bottom of cham-

- ber by loosening the four knerled m*s, and rolattng

~~~~ (1) Empty the reservoir bottle arid nsbulixer ~~~~~~~~~~~~~~~~~~~~~~~~~ a c ~~wtth~~~~ anIng
chamber, slip 3. Inspect diaphragm for pin boles or crack s.

‘2) Mix 114 ..a -.i.&e 1 Replace diaphragm If pin boles or cracks are
- , cup e v...~~~ with 2, c*~ fo~~~. When reinstalling diaphragm, be sure it Is

C cst*srsd on bottom of chamber with its concave

swirl amend ~~~ 
su~~~~~~~~~~~~~~~~~15a1~~~~~~~ diaphragm ami

- • entire Inside of the container, chamber. (S.. fIgure 1.)
• 

• S. AUTOCLAVE. The following parts can withstand
. 

- (4) Nebulae the vinegar schition for 15 miii- a temperature ci 2WF.
ules. It a tent Is being used, allow aerosol
to go into the tent. a. LIquId reservoir.

• - - (5) Empty and discard the ~~~~~~~~ solution b. Reservoir connectIng tubes.
from the reservoir bottle and neb1lt~ ng
chamber. c. Nsbuliaer chamber.

(6) RInse with clear water. CAUTION : DO NOT AUTOCLAVE THE NEBU-
LIZER.

• • (7) Do riot refill th. reservoir bottle or cooplaid
eompsrt mei* until the nebulizer Is to be 7. AiR FILTER. Clean or replace the air filter

- - 
- reused, weekly. The air filter snaps’ Into place under

-
~~ the run of the f*lter rstahnsr cn the bottom at the
- 

4. NZBUUZIR C H A M B E R  LIQUID LEVE L CON- nsbizlizer base. (See fIgur e 24.) To remove the
TROL. If desired the liquid level control can be filter , start at one corner and pull It out from the - -

removed for per iodic cleanIng. (8.. fIgure 22.) retainer. When installing the filter, make sure
- Take o~ the hearl.d aid projecting through side that It ‘snaps’ Into place under the rim ci the

of chamber and carefully pull control Into chamber retainer along all four sides.
—__________

~ ‘1
0 

;

_

~ 

__

- I  

~~~~~~~~~~~~~

-

• - - - 
~~~~~~~~~~~

- FILTER
RETAINER ir ,afur.~812(1 88110

• AIR FILT ER - • 
-

FIgure 24. AIr Fitter Figurt ’ 25. N,’I.,uttLt .r (‘trt ’uit Breaker Location

15

P age 78

— , 
~, 

-

.t- -
-
. 

~~~~~~~ -- - ~~~~ S — - - - i •  
- 

- - ~~- - - - - • 
• - - • - -

_ _ _ _ _ _  
-



— _______ - - -~~ ~~~~~ 
--

~~~~
-— — ----—- —~ ~~~~~~~~~~~~~~~~~~~~~~~ 

- -~~ rr~~~.._,!r - ,-~~ ———- 

- 
- - .

- - TROUBLE SHOOTING
L. - 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Symptom Possible Pro blem Suggested Check

. Unit installed and connected as Electrical outle t is defect ive . Check outlet with lamp or other
specified but pilot light does appliance.r not turn on when switch is turned —

to the ON position. Circuit breaker tripped. Reset the circuit breaker. Turn
off the power switch and press the
red button located at the rear of the

- nebu lizer. (See figure 25.) Turn
on the power switch. U the circuit
breaker continues to trip, service
Is needed.

- I

. Unit installed and connected Nebulizer chamber contaminated. Wash nebul izer chamber and
as specified. Power pilot aerosol hose in alcohol or 2%

L light turns on, normal ultrasonic acetic acid (white vinegar is4 to
-- 

- . activity visible in nebu lizer - 5% acetic acid). Rinse with
chamber but no aerosol output. clear water.

p 
. Unit installed and connected as Couplant water excessively Wait for deaera tion.

specified. Power pilot light aerated.
turns on but there is little

- - 
-~ ultrasonic activi ty visible in the Nebulizer module and coup]ant Use warmer couplant water.

nebu lizer chamber and aerosol water too cold.
output is low (even when on the
No. 10 power setting). Diaphragm distored , permitting Check to see that diaphragm In —

air bubbles to Interfere with prope r properly shaped and installed.
~ -

~ ~~~~~~~
-
J transmission of vibrational energy Be sure the conc ave (recessed)

- - . - into the nebulizer chamber , side faces the interior of the
chamber.

Coup lant contaminated . Clean couplant compartme nt ,
and replace couplant water.

- 
. Same as aympton No. 3 but at Power setti ng too low to start Turn output control knob to No.

- a low power setti ng, and establish nebu lization. 10 power setting, then reduce to —

______________________________ ______________________________ 
desired setting.

Unit Installed and connected as insufficient couplant water. Add water to the couplant compart.
specified. Power pilot light ment (See Insta llat ion Step 4).

3 turns on. “Add Couplant ” light
- is on and ther ” is no ultrasonic

P.ctlvlty visibi in the nebulizer
chamber.

Unit installed and connected as Power supply overheated and its The cooling air has been restricted
specified. Power pilot light thermostatic control opened. (refer to installation , step 2) or
turns on. “Add Coup lant ” cooling fins need cleaning (refer to
light Is off but there Is no Cleaning , step 2). The switch will
ultrasonic activity visible - - reset when the equipment returns
In the nebulizer chamber. to room temperature.

Liquid reservoir filled and Foreign material or air bubble s See Assembly step 14.
prop erly connected to nebulizer in feed tubes.
chamber , but chamber does not
fill. (For CONT INUOUS-FEED Liquid level control in nebulizer See Cleani ng step 4.
SYSTEM ONLY. ) chamber plugged with foreign

- material.

Air leaks at tube connections or Tighten alt connections by pushing
- 

reservoir cap. tubes into fitti ngs.

1 1 6
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OF THE

- 

- WRIGHT DUST FEED MECHANISM

4 .-

(See Journal of Scientific Instruments , 27 , 12 , 1950 and
Review of Scientific Instruments , 34 ,9 , Sept. 1963 p. 1023—5)

INT1~DDUCTI0N

This nechanism has been designed to operate reliably for long periods with
a minimum of attention, and it will be found that it will do so provided certain
precautions are taken. Experience has shown that breakdowns are nearly always
the result of a defect in either the compressed air or the dust or in both , and
therefore considerable attention is given in these instructions to the control
of these two factors.

1. ASSEMBLY INSTRUCTIONS (I n these and in subsequent instructions reference is
made to Figur e 1 for identification of the various parts of the mechanism) .

In order to avoid risk of damage in transit , the dust container ‘A ’ and
- 
: cap ‘B ’, together with the scraper head ‘K’, are removed from the mechanism and

packed separately, and the air inlet connexion ‘H ’ which normally protrudes beyond
the edge of the main frame is turned so that it is contained within it. The
mechanism should therefore be assembled for use as follows:—

First slack off the main spindle clamping nut ‘R’ and rotate the air inlet
until it is in its correct position as shown in the illustration. (If it is
desirable , for any reason, the inlet can be put at right angles to this position).
Tighten the clamping nut again a little more than finger tight. Next pull up
long pinion “G’ so as to disengage pinion ‘E ’ from gear ‘D’ . Cap ‘B’ should then

• ~be screwed on to the threaded spindle ‘F’ , care being taken that the gear teeth
on the periphery of the cap engage with the pinion ‘C’. The scraper head ‘K’ may

I~1’ 
- - 

-
- 

•now be screwed on to the end of the dust~tube ‘J ’ and the mechanism is ready for
use.

2. OPERATING INSTRUCTIONS

(a) The mechanism can be used with either the full capacity of the
container ‘A ’ or with the aluminum liner in position so as to reduce its internal
diaitketer to half an inch, which will have the effect of reducing the capacity of
the container eight tines. If this is done , the small scraper head must be
substituted for the normal one. The size of the container to be used will depend
upon the concentration required and the period for which the mechanism is to run.
A more uniform cloud will be obtained with the mechanism running fast , so that the
larger container should only be used for long runs or very high concentrations.

(b) The rate of feed required to produce a given cloud concentration
will depend upon the size analysis of the dust and can only be determined by
experiment. Once this has been found however , the concentration can be altered
at will by adjusting the -rate of rotation of the container.

(4’
The synchronous motor ‘S’ runs at a constant speed of one revolution

• pe~ minute and a large range of variable speeds between the motor and the cross
shaft ‘x ’ may be selec ted by means of the gears supplied with the mechaiiism .• Examples of the gear ratios available are shown on the attached table. The gear
referred to as “driven ” is that marked ‘U in the diagram , and that referred to as
“driving” is marked ‘V ’. The gearing between the cross shaft and the downward
feed of the dust container is such that 30 turns of the cross shaft equal 1/26”

~ %~- (1 n.m.) downward feed of the dust container . 
-

Cc) Having determined the rate of feed required and selected suitable
gears from the table , the plate ‘T’ should be slackened by undoing the two securing
screws and swung clear of the motor spindle. Any of the gears can be fitted on to
any of the three spindles (the knurled screws on which are also interchangeable)
except that the largest gear with 76 teeth must not be fitted to the motor spindle.
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The gear for thii~ motor spindle should he placed in position first , fol lowed by
the two gears on t h  counter hha f t  ‘W’ . Finally, the gear should be placed on
the cross shaft and the counter shaft moved until the driving gear ‘V 1 meshe s

— with it. The plate should then be swung until the dr iven gear ‘J ’ meshes with
the gear on t~e ‘~otor shaft .

A small amount of play should be allowed between the gears , in order to
en sur e that they ar e not too deep in engagement , which will cause undue friction.

Cd) To fi l l  the container , pour the dust in a little at a time , r amming
it down with the rammer after each addition. The ramming should be done vigorously

4 and it will then be found that the dust packs to a constant density which is usually
about half that of the material of which it is composed , although this is much
affected by the fineness of the dust. From this and the information given above
about the rate of feed , it is possible to calculate approximatel y the gravimetric

• concentration of the cloud that will be produced .

The dust can be packed to within 8 m.m. of the mouth of the container ,
giving a maximum working distance of 36 n.m. The effective volume of the large
container is approximately 40 cu.cm ., reduced to 5 cu.cm . when the liner is fitted .

Having packed the container , screw the cap ‘B ’ up to the top of the
threaded spindle ‘F’ as far as it will go , and then screw the container ‘A’ into
the cap. Care must be taken not to over-fill the container or it will not be
possible to screw it into position. Screw the container down gently until a
slight resistanc e is felt , indicating that the scraper head ‘K ’ is in contact with

-: - the dust. Push down the pinion ‘C’ so as to engage the small pinion ‘H ’ with
the wheel ‘0’. The mechanism is then ready to operate.

It can be tested by connecting to a suitable compressed air supply,
as described below , and then disengag ing the driving gear - and rotating by hand.
A visible cloud should emerge while the mechanism is being rotated and should
cease as soon as it is stopped . If a cloud emerges when the container is not being
rotated, the dust has not been packed tightly enough , or else it is too coarse to

- - be suitable.

Ce ) The mechanism should run without attention until the container is
empty, when the teeth on the cap ‘B ’ will travel beyond the pinion ‘C’ , so that

-~although the container continues to rotate , it is no longer being fed down and
there is no danger of damage from over—loading . If a blockage occurs for any
reason when the mechanism is running the motor may stall. This condition should
be avoided as damage to the motor may result. At low speeds however the pressure
of the scraper head on the dust will force the spring ring ‘N ’ of f the end of the
main spindle ‘G’ , allowing the gear ‘D ’ to be lifted out of engagement with the
driving pinion , so that the mechanism automatically stops.

Although this safety device will usually prevent it , damage may
occasionally occur to the scraper blade ‘0’, which is also liable to be worn away
after prolonged use. Replacements can be obtained from the makers. The shape of
the scraper blade has been found by experience to give the best results and it is
not advisable to attempt to alter it.

If the mechanism is to be used for supplying dust to an animal
chamber, it can be conveniently placed on top of it, as shown in Figure 2 , with the
nozzle ‘Q ’ projecting into the chamber. When it is necessary to control the
concentration accurately, the nozzle should be sealed in with a rubber ring or
plasticine. For experimental purposes however , it can conveniently be placed on
the bench in the position shown in Figure 3 , and connexion made to any suitable
apparatus by means of rubber tubing.

3. DUST -

(a) The dust used must be fine ground , i.e. the grea t majority of the
particles less than 20 microns in diameter. mhis is necessary to ensure that the dust
will form a stable cake which will not blow away.

Cb) It must be remembered that all the dust in the container has to pass

~~~~ 

- through the j e t ,  which has a diameter of 0.052” (1.3 m.m.), so that the presence
- . of one particle too big to do so is certain to cause a stoppage sooner or later.

Therefore all dusts should be sieved through about 60 Cesh if there is any doubt
about their freedom from even a few oversize particles.

k —83- -

~:~j -.- ..- 

-

~

-

~

- ~~~~~~ -~~~~ -- 
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_______



fl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ in addition , it
- 

may be necessary to place a heating element round the container.

(d) Dusts which contain many fine fibres , e.g. cotton fibres f rom a
new bag filter, are difficult to use for long periods, as the fibres accumulate

- - 1  
- in the scraper and eventually clog it. Sometimes the fibres can be removed from
- the dust by calcining it but if this is liable to affect its properties, a fresh

sample must be obtained.

4. COt.WRESSED AIR

(a) The quality of the compj~essed air used is probably the most important
V factor in the performance of the mechanism. Fine dust is extremely easily rendered
F indispersable by either water or oil, and compressed air laid on in laboratories

— very commonly contains both.

(b) Excess moisture can be removed from the air either by means of the
usual dehydrating agents, e.g. silica gel, or by cooling the air to or belo~e room
temperature while under pressure.

~c) Most rotary or piston type compressors deliver a fair amount of oil
I with the air, in the form of a very fine aerosol which will pass most commercial

- 
filters and travel along a considerable length of piping, but tends to be absorbed

- ‘I by the dust in the tube and eventually clogs the mechanism. It can be filtered
out with ordinary filter paper, which will last as long as it is not sodden with
oil. It is better, however, to use a completely dry blower of the Rootes’ type
or, for short runs, a cylinder of compressed air.

Cd) The pressure required depends upon the volume of air used. A
pressure of 10 lb./sq.in. gives a flow of 20 litres/mm . with the standard, jet.

- The mechanism will operate satisfactorily with flows as low as 10 litres/mm . or
as high as 40. Too low a flow leads to blockage of the scraper, while too high
causes the dust to blow away before it is scraped off. Most of the air resistance

- 
- - of the mechanism lies in the jet, so that if a larger volume of air is required

- 
- - than can be obtained with the air pressure available, a larger jet should be

fitted. It is not advisable to work with a lower pressure than 3 lb./sq.in., as

J the dust will be incompletely dispersed.

- (e) A pressure gauge and flowneter should be fitted in the air supply
and if the air flow is maintained with a normal pressure and the container is
rotating, the mechanism can be assumed to be operating satisfactorily.

5. BREAKDOWNS

• - Apart from electrical and air supply failures , two types of br eakdown may
occur. In both cases the result is a cessation or reduction of the air flow,

1 followed by a stoppage of the mechanism. It is essential to realize that a
- mechanical stoppage is always secondary, the power required to scrape up th’~ dust

when an adequate stream of air is passing through the mechanism is very small and

3 well within the capacity of the motor.

(a) Blockage of scraper only .

• This is almost invariably due to the presence of oil or water in the
air or of fibres in the dust, the prevention of which is described above. The
scraper can be readily cleared with a piece of wire or, if necessary, the blade ‘0’
can be removed by undoing the two screws.

(b) Blockage of the jet.

• 
This is almost invariably due to the presence of oversize particles

in the dust. It is important to realise that it may cause blockage of the scraper
- as well, as a result of the reduction in air plow, so that if the scraper is
- 

found to be blocked , the jet should be examin~ ! to see that this is not the cause.
To do so, unscrew the r zzle ‘Q’ , when the jet will be found screwed into the end
of the outlet tube.

L -• —84—
~

- I
S

j -. -

- - -

- - - -- _~~~~~~
_ • 

~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~ -~~~~~~~~

- • - -~~-- — — --L ~~ -. —• — - --
~
--

~~
-
~~~



F’ 

- - - 

~~~

‘ - 

~~~~~~~~~~~~ 

-•

I
6. MAINTENANCE

The mechanism should be oiled occasionally at the points indicated with
a few drops of light spindle oil. The baffle plate in the nozzle ‘9’ will
eventually wear throug h , at a rate depending upon the nature of the dust used ,
(in normal use , operating 20 hours a day , with a fairly soft dust like coal ,
it will last for about a year).

Replacements can be obtained from the makers .
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- :1 GEAR RATIO TABLE

THE WRIGHT DUST FEED MECHANISM

.1ST OF INTER-CHANGEABLI
- ~

- STANDARD GEARS SUPPL IEI
~~~~ 1 76 Tooth Spur Gear No. off:-1

72 Tooth Spur Gear No. off:-~
68 Tooth Spur Gear No. 011:-i
54 Tooth Spur Gear No. off:-1
36 Tooth Spur Gear No. off:-
18 Tooth Spur Gear No. off:-2

S

- )  EXAMPLES OF RATIOS AVAILABLE
— - BETWEEN CROSS SHAFT & MOTOR SPiNDLE

f Ratio Gear on Intermediate Gears Gear on
- A 

- Required Motor Driven Driver Cross
Spindle Shaft

- - 16 to 1 18 Teeth 68 Teeth 18 Teeth 76 Teeth
- 4 12 to 1 18 Teeth 54 Teeth 18 Teeth 72 Teeth ~

-1 -j  8to I IS Teeth 36 Teeth I8 Teeth 72Tecth
-
~ 6 tel 18 Teeth 54 Teeth 36 Teeth 72 Teeth ~~

4’ - 5 to 1 18 Teeth 68 Teeth 54 Teeth 72 Teeth °~4 to 1 18 Teeth 36 Teeth 36 Teeth 72 Teeth
3 to 1 36 Teeth 36 Teeth 18 Teeth 54 Teeth ~- - - 2 to 1 36 Teeth 36 Teeth 36 Teeth 72 Teeth ~
Ito 1 36 Teeth 36 Teeth 36 Teeth 36 Teeth ~

- - 
1 toó 72 Teeil~ WTé~ h 54 Teeth 36 T~èth ~- I to 4 72 Teeth 36 Teeth 72 Teeth 36 Teeth
1 to 3 72 Teeth 36 Teeth 54 Tceth 36 Teeth ~&.

-
- I to 2 72 Teeth 36 Teeth 36 Teeth 36 Teeth ~1 to 1.5 54 Teeth 36 Teeth 36 Teeth 36 Teeth z

Note:
The largest gear 76 teeth MUST NOT be fitted to the

-
~~ Motor Spindle

Compiled by sole L. ADAMS LTD.
Manufacturers 22, MINERVA ROAD

LONDON , N.W. 3O 6HS
ENGLAND
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How to Select the Should the requirements fall outside the capabilities of the

~~~~ 

. P ~ ‘~ ~ S’ ~~ units whose performance is shown here, they may be met by
: I I I using two or more units in parallel or staged or by a larger

Side Channel Comr~ressor machine in Siemens 2BH8 series. The 2BH8 machines are
I” compact units available in single or dual models. Dual models

To select the proper compressor, determine from the perfor- incorporate two impellers on a common shaft and dual
mance curves which are likely to meet the require- shrouds. The compressor sections of a dual unit may be
rnents—making allowance for possible future increase if this is connected in parallel or in series at the user~s option. A single
at all probable—and refer to the detailed specifications Tables unit 2BH8 machine may be converted to a dual unit by the
on Pages 8 and 9 to select the optimum match. addition of a second impeller housing assembly.
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. APPENDIX IV —

DETAILED DATA FOR CALIBRATION RUNS

- • - ..  • Concentration
Run: ~~ - Port - mg/rn 3

Wright Dust Feed 1 14.33

- ‘ IIin—U-Sil 15 Packed to a 2 . 14.20

- pressure of 1.5 tons for 1.0 3 14.03

- 
- minutes 4 14.34

- 6.019 m3/s • - 5 
- 

- 13.52
- 4 -
aultiport sample r inside chamber 6 - 14 • 09

66 minute sampling time 7 13.74

P ., 
- 

~ 14.06 ± .29 ing/m
3 8 - 14.22

- 
- 

F

Run: M2 -

I 
Fluidizing Dust Generator 1 30.60

- 
. 75. 0 gins. Min—U—Sil 15 2 31.40

• - 

~0.019 m
3/s •

. 
3 30.65

-. multiport sampler inside chamber 4 30.97
- !, - 

- 
55 minute sampling 5 30.61

-
- 6 30.54 -

- - 
- - 

- - 
u 30.82 ± .41 mg/rn3 

-
7 . 30.34 .

- ~~~~~ - 
- - 

- 

• 8 31.43

I

. -

-“I 
~ 

- •

-

. 

-
I .

.

-. •

- 

-
-.- - - S.

- - _

_ .

~~~

- _

•

.

-

‘S.
—S
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. 

• 

. 

. -

- . Concentration
Run : 143 - Port - mg/rn 3

Pluidizing Dust Generator 1 49.58

- 

75.0 gins Mi n—U—Si l 15 2 55.84

0.019 3 - 54 .33

taul tiport sat~pler inside chamber - 

- 4 56.53

20 minute sampling 5 49.76
- -

4

- 
- 6 54.33

- j  - 
- 

~ 52.78 ± 3.85 mg/rn3 
-

- - 7 45.98 
•

-

- 

- 

- 

- 

• 

- 

- 

8 - 55.90 t

Run: 144 
- 

. - -  -

- 5
. 

- P3.uidizing Generator - 
-

- 

• 

3. 
- 

- 17.47 
- -

-

- 
50.0 ginS . Min-U-Sil 15 - 2 - ————

- 

0.019 m 3/s 
- - . - - 

- - 
- 

3 17.84

~~• 

4 3.7.67

.! ‘

. 

‘ 

~ 18.14 ± .68 mg/rn 3 
- 

5 - 18.98

- 

: . ————
- ;  . 

- -
. 

.

- • •

. -
‘ . 7 18.76

- •• .. 
8 18.18

- • - 

• - .. -

I i  
-

- I S

P . -- .

- :

4. - - 
. -

_ _ _ _  

.
-93- 

- 
-

1’

-— - - -- ~~~~k.. _. ~~~~~~~~ — ~~~~~~~~~~~~~~ 4~~A-. -- --



‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

- 
- 

. • Concentration
- - Run: MS - Port - — mq/m3

F3.uidizing Generator 3. - 13.51

75.0 gins. Min.-U—Sil 15 2 14 .14

- 
- 

— 

. - 
- 0.019 m 3/s - - 

- 3 13.65

- - 
25 minute samplin g - 4 13.53

- 5 13.82

~ 13.66 ± .25 mg/rn3 - 

- 6 
- - - - 

13.52

- - . 
- - 7 - - 13.44

- 

-- 8 —

- 

. 
- 

• 

Ti - 12.47

! -

- - - - T2 12.29
I -

• - 

- 12.29 ± .18 mg/rn - 12.11

I
-

• 
Run : 146

- - 

. : Plui dizing Generato r 
- 

1

- - 75.0 gms Attaco te - 2 - 7.23

I - 
~~~ 

- 

- 
- - 0. 022 m 3/s 3 - 

- 

7.04

- - 
- . 60 minute sampling 

- - 
4 7.07 . -

i S 
-

- -. 
- 5 7.26

- 
- . - 7.13 + .09 mg/rn~ . - 

- -

- 
•
. - - - - - - 6 - 

- 
7.15

- - ~~~
• 7 

- 
7.05

- • 8 ———
- . - Ti 

- 
6.08 -

T2 6.59
-

• 6.67 ± .19 mg/rn3 - 
- 

6.53

k p ~~• 

- 

-94- -

- 

-

I - ~~~~~~~~~ —— —

— — ~~~~~~~~ —

~~~~~~ 
—

- ~~~~~~ - 
-~ —.—~~
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- 
____________

-

- I 

-

- 

- - Concentration
Run : 147 

- 
Port - mq/rn3 

- 
. 

-

-
- - tlltrasonió Nebulizer 1 10.56

- - 80 ml 3 .5% ur anine 2 31.16 
• 

-

- 
- - 0.022 me/s . 

- 3 _
~~~~~

- 

Bpectrophotoxnetric Determination 
718

~ 9.3~ ± 1.68 mg/rn
3 

-
- 3 6 - -

— 

i - 12.50 ± 1.~I.7 mg/rn

- 
7 -7.36

- - 

8 , 9.02

- .  

- 

-

- 

Ti 11.17
- - 

- • T2 13.34
I- 

- T3 12.99 -

- . - -

Ron : 148 mg/rn3

S

- - - - Ultrasonic Nebul .zer 
- 

1 3.40 - 3 .25

-:~ ~ - 80 jul 7% uran ine - • 

3 - 3.42 2.96
- -

--I ,
~~~ 

- 
- - -

- • 0.020 m 3/s - 
5 3.46 3.46

- 
- 

- - 
7 3.49 3.13

- 
- spectrdphotometric Determination -

- - 

- 

- 
•1 •. ~1 -3 .42  3.28

- ~~~~ ~~3.20 + 0.21 mg/m~ -

i_
S 

-
- 

~~~~~
. - - • T2 3.73 . 3.48

-
- . ~~~~ ~~ 3.27 + 0.21 mg/in’

k — T3 3.57 3.35-
- 

- 
- 

- 
- Wei~ht Determination 

- T4 3.68 2.98

- - 
~ 3.44 ± 0.04 mg/rn3 - -

- !~~*. 3.60 + 0.l4 mg/m3 
- 

- 
•

1’ 
-

- 

- - — 95— •

— 

. 

- 

- 
- - - 

-
-

h.~ ~~~~~~~~~~~~~~ 
-

- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — 
~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ •
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- Concentration
Run : 149 - - Post - ma/rn 3

Ultrasonic Nebulizer 3. 17.97

BO ml 1.75% uranine 3 37 .57

0.016 m s/s 
- 5 37 .27

SpectrophotometriC Determination - 7 16.92

- 
! 15.95 ± 0.44 mg/rn3 Ti 16.78

- ~ 15.52 ± 0 ~ 26 mg/rn3 T2 
- - 

17.06

- - 

- - T3 16.74
- 

- 

- 
Weight Determination

- 

- - T4 16.63
17.43 ± 0.45 ing/m ’

- .

16.80 ± 0.18 mg/in

S

----Run: Ni
• 

—

- 0.020 m 3/s - 
- 3. 6.52.

- - ! 6.57 ± 0.13 mg/rn 3 - 

2 6.76

— ~ 6.23 ± 0  10 mg/rn
3 3 ::::

- 
- . - 

- 5 6.55
- 

-

- 

- 

. 
• 

. - 
- - 6 

-
. 

6.75 
-

- 
- 

• . • . 7 -
- 6.42 -

-
S

k 
- 

- -: 
-

. - 8 6.61
- Ti 

- 
6.33 -

- 
- 

• 

- 
T2 - 6.14

- 

T3 6.21

- 
- - — 96—

- 5’~~
~~i

I~~ I - 
- -

p 

- 

-

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
— - •~~~~~ -~~~~



Conccntr c~tj oi~Run : 
- 

N2 - 
- - Post 

- 
mq/rn3

- 0.020 rn 3/s 3. 6.49

Spiral Fil ter Settings 2
- 

23 minute sampling - 3 6.56
= 6.50 ± 0.09 ing/in3 

- 

4 6.51

F 

- 

XT 6.35 + 0.1]. mg/in3 5 6.38

- 6 6.62

-
~~~~ -7 

- 

6.40. 1 4 
- -

5 /  - - 8 6.60
- 

- Ti 6.47

- 

- T2 6.27
I-

- T 3 -  6.31
Run: N3

- 0 .024  rn 3 /s 
- 

1 - 4.95
- 

~ 4 . 9 0  ± 0.13 mg/rn 3 2 -5.01

4,78 ± 0.12 mg/rn
3 5

3
- 

. - - 4 4.80le~ -

- - 5 4.71

Là - 

- - 6 5.10

- 

. 

. 

.5 S . 

- 
.1 4 . 9 4  

-

8 4 .86

Ti 4 .86
- 

: T2 4 .64
-~~1 

— 

- T3 4 .83
S S

- 

-97-
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--

Concentration
Run : N4 Port - 

- 
mq/m3

0.016 &/s 
- 

1 8.16

25 minute sampling 2 8.44

= 8.12 ± 0.14 mg/rn3 3 8.07

= 7.67 ± 0.21 mg/rn3 - - 4 8 .09

V - - 5 8.10

6 8.03

7 795

- 8 8:15
- Ti 7.91

T2 7.54

T3 7.52

- 

- 

- Run:N5 -
-

0.012 m3/s - 1 9 9 4

= 10.07 ± 0.31 mg/rn
3 2 9.95

9.61 ± 0 2Q ing/in3 3

7 10.78 S

8 10.01

- 
- Ti 9.67

T2 9 3 8

~~~ 

-98- 
• 

T3 9.77



Concentration
Run : W~ — 

. Port. - mci/rn3

0.012 m 3/s 3. 
- 

-

Gear ratio , 1 to 1.5 - • 2 70.57

= 70.04 ± 0.73 mg/rn
3 3 69.74

5L2 
67.41 ± 1.30 mg/rn

3 
- 

- 
4 69.90 - 

-

H 5 - 70.45
— 6 70.54

- 7 
-- 

68.58
4

8 70.53
- 

Ti 68.55

- 

T2 65.99

T3 67.70

- 
- Run : W2

0.012 in3/s - 3. - 9.87

:~ F = 9.88 + 0.14 mg/rn3 2 
- 

- 9 .69

-= 9•3~~ ± 0.19 ing/m3 - 

3 9.84

-S
_
I -

- 6 - 10.08
- ,- —

-7 
- 10.01

8 9.82

-

- 

- 

Ti - 9.47

- - 
- T2 

- 9.20

. - -  

-T3 
- 

S. —’-—

- 

- -  - - 

-

~~~ 

- -

~ ~~~~
5
~ S~V~~~ U — \
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~~

- 

~~~~~~ 
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~~~~~~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~

-. 
- .- -- concentration

- .  - - 

Run : W3 - - Po~ t 
- mg/in 3

-
- 

0.016 m 5/ s  1 5.12

- 

= 5.07 ± 0.05 mg/rn 3 2

- - X~~~~4.93+0 .07 1flg/m3 - 3 5.04
- 

- 
4 5.03

~ 1 - 5 5.07

- 6 5.14

7 5.08
SI . -

- 
8 4 .98

- 

- Ti - 5.00

- - 

-

- T2 4.93

- 
- T3 4.86

Run : Nd .

0.024 m 3/s — - - - - 1 3.95

• 

- 
= 3.88 ± 0.12 mg/rn 3 

- 2 - 4.04

= ~~~~~~~ ± ° • ~~0 rng ,’m3 

- 

- 

- - :
~ —

- 

- 
-

- 5 4.00
- 

6 3.74
4. .. 

. 
-

~.- 1  7 3.90

- 
. 

-
. 

-

- 
- 

8 3 .7~ 

- -

1%,. 
. 

Ti -3.87

T2 3.68

-  
- T3 - 3.70

_ _ _ _ _  

- _ i_ __
~ 

-100- 

.

-

- 

- -

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L_.. ~~~—.-~-- — - -~,~~~--.~-- -Il-I J 1.
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I -  -

Concentration
Run : W5 

- 
Poj~t mg/rn 3

0.020 m3/s 1 18.93

Spiral filter settings 2 19.25

~.9.58 ± 0.94 mg/rn
3 3 19.09

L~. = 18.49 ± 0.31 mg/rn
3 4 18.75

- - 5 19.66

6 21.40

7 - 20.58
-~~~~ 4

8 18 .96

Ti 18.97 -

- 

T2 18.14

T3 18.35 -

10.05 ± 0.96  mg/rn 3 Unico 240 Cyclones

equivalent to 54% of total TA 9.02

concentra tion
~ - 

TB 11.16

-
- • 

- TC 9.51

- 
- TD 10.49

- -

10l~~ -. - -

I .- ., - -

h -

-- ~~~~~~~~~~



—‘- —~— — — —_ ~~~— -_ _ -  _~~_ _ _  —

- - . - Concentration
Run : Fl 

- - 

- - mci/rn3

- 0.012 m 3/s 3 17.40

- 

Spiral filter settings 2 17.36

- = 3.6 49 ± 1.05 mg/rn
3 - 3 - 17.40

3
= 17,39 ± 0.44 mg/rn - 

4 16.52

• 
- 

- 

5 16.27

6 15.93
4 7 3 4 .53

1’ - 

- 

8 - 

- 
TI. 17 .83

- T2 16.95
-C - -

- - T3 - 3.7.38

- Run : F2 
- 

-

- 0.016 m3/s 3. - 
12.13

~ = 12.25 ± 0.26 mg/rn3 - 2 - 12.48

- = 10.82 i- 0.46 mg/rn3 3 3.2.43

-
: . 

- 4 .  
- 

11.93

- 
- 

- 5 12.28

- . .  . 6  12.61

- 
.7 12.29

• 

-

. 

- 

- 
8 3.1.86

• TI. 
- 

3.1.24

- 
- 

T2 10.32

- - T3 
- - - 

10.89

— 102— -
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r ~~~~~~~ 

-____ - -- - _ _ _ _

d

- . - Concent5ation
Run : P3 - Port mg/rn

- 

0.020 m 5/s - 1. 18.20

- 

X~ = 18.21 ± 0 .35  mg/rn3 2 18.20

= 16.64 mg/rn 3 3 17.74 - 

-

-
‘ 

. 4 17.77

V 
- - 

5 38.67

6 18.54

- 

-
- 7 

- 

18.34

( T2 16.64

Aerotec ”3/4~’ cyclones TI. 6.87

- T3 6.15

1 6.52 mg/rn3 equivalent to 39% of total conce ntr ation

• 
Unico 240 cyclones TB - 9.91

- 
- TD 9 .50

- 

9.71 mg/rn 3 equivalent to 58 % of to tal concentra t ion

S .

.

- 
S -

—

-S.- 
- 

- 

- 

—103— 
-

5-——-_ _-
V 

- - 
-

-. ~~~~ 
-
;

___________________________________________ — 
—— - — —I —
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- Concentration
Run : F4 - Port - -

~~~~ mg/rn 3

0.020 sn’/s

- 
: - 17.32 ± 0 . 4 6  mg/rn 3 2 17.22

16,65 ± 0.83 mg/rn
3 3

- - 

- 

- 4 16.67

- 
5 17.77

6 17.76
- 

4 
- 7 S .—— —

/ 
- — 

- 

S
- - - 8 17 . 20

- 

- Ti 17.30

- - 
- 

T2 
- 

16.94

- - T3 15.72

Aerotec~ 3/4” cyclones 
- 

3 - 6.93

- 
- 7 7.01

6.97 mg/rn3, equivalent to 40% of total concentration

- -
~~~~~

- 
- Unico 240 cyclones TB 9.20

- 

TD 8.89

- ~~~~~~~~O5 mg/rn3, equivalent to 54% of total concentration

—104—- - - 
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-
~~~~~~

4 1  
-

- - - Concentration
Run : P5 - Port - mg/ni 3 

-

0. 024 m’/s 1

= 18.83 ± 0.47 mg/rn 3 2 19.18

- 
- 

~T = 18.25 ± 1.14 mg/rn
3 - 3

- 

4 18.46

V
6 18.39

I 4 7
_ 

- 

- 

1 8 19.30

- . 
- 

- - 

- 

Ti 19.26

- T2 18.46

-

~~~ I -

- 

- - 
- - T3 - 

17 , 02

Aerotec ”3/4 ” cyclones 3 7.80
- 

- 7 
- 

8.92

-

- 
~~~.= 8.36  mg/rn 3 , equivalent to 44 % of total concen tration

.1 - 
-

5 )  S 
- 

- - - 
.

- Unico 240 cyclones TA 9.47
- 

TB 10.84 
-

- 
- TC 10.49

- 
- TD 10.80

3 
-

-- -
. 

- = 10.40 mg/rn , equivalent to 57% of total concentration

- 

- 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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RUN M2 ,_Andersen Sampler

Stage 50~ Stage Weight % - Cumulati ve
I - ~~~ nt (;nn) _ i~umber 

— 
(rnc r ) 

- 
Weic4ht ~ Weiaht

S 1 2.2 7.43 7.43

f 5.35 2 2.1 7 .09  14.52 . 
-

- 
2 . 9 5  3 5 . 9  • 19.93 3 4 .45

1.53 4 5.7 
- 

19.26 
— 

53.71

0.95 - 5 
- 6 .8 22 .97 

-
~~ 76.68

0.54 6 4.4 14.86 91.54 
-

0.24 7 2.3 7.77 99.31

back—up 
- 

0.2 
— 

0.68 99.99 -

-~ • : Total Weight = 2 9.6  mg : -

Sampling Rate ~~ .3 liter/mm . 
- - 

- 

- 
-

- 

Sampling Time = 30 minutes - -

Volume Sarn~1cd 0.85 
- 

- 

-, 

- - 
-

- - Concentration 34.8 mg/rn3 
- 

-

- 

• 

. 

::.-
~

1 ~ 
— 106-- 

- 
- 

-

___-- 

-

--  

S 

- 
& 

~~~~~~~~~~~~
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1’~

- RUI~ 143, Andersen Sampler 
-

- Stage 50% Stage Weight Cumulative

- ~~int (piu) Number (niq ) _yeight_ % Weiqht

____________ 3. 0 .5  1.89 1.89

- 
- 5.35 2 1.4 5 .30 - 

— 
7.19

I - 
- 

. 2.95 3 
- 

3 . 9  
- 

14.77 21.96 
-

- - - 1.53 4 5.1 19.32 41.28

0.95 5 5.8 
- 

21.97 
— 

63 .25

• 0 5 4  6 5.9 22.35 85 .60

- 0.24 
- 

7 3.4 12.88 98.48 -

- —— — back—up 
— 

0 .4 -  
— 

1.52 . 100.00

— - 

- 
- -  

--- — -  —- - —- -— -—-- - -

Tota l Weight = - 26.4 mg 
- -

~~~ 
- Sampling Rate = 28.3 liter/mm . 

-

-
. 

Sampling Time = 
- 
20 minutes -

Volume Sampled 
-

= 0.57 - 
in ’ 

- -

~
I— -I  S - — 

- - - 

-

- Concentration = 
- 

46.3 mg/rn’ - 
- 

-

I -  — - - - - - - — - - - 5 - — — — - - -
~~~~

—- - -— —  

H- 
- 

- 

- -

.

5

‘ 
I-

I -
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RUN M5 , Andersen Sample r 
-

Stage 50~ Stage - Weight % Cumu).ative
point (inn ) Nmnbc~r — 

(mg ) Weight 
— ~~~ Weiqht

- 
_ _ _ _ _ _ _ _ _ _ _  

1 0.4 1.9 1.9

5.35 2 
— 

1.6 7 .9  9 . 8

- 

- 

2 .95  3 3 . 2  
- 

15.8 25.6

.
3 

- - 
3.53 4 

- 
4 . 0  19.8 • 45.4

0.95 5 4 .1 
- 

20 .3  65 .7

I - 

0 .54  6 4.1 20.3  8 6 . 0

I - 

0.24 
- 

7 

- 

1.6 
- 

— 

7.9  93 .9

- 
-

- — —— back—up 1.2 5 .9  - 99.8

i _ - _ - I .
/ 

Total Weight = 20.2  lug
- 

- 
- 

- Sampling Rate = 28.3 liter /mm . 
- 

- 

-
- -

- 
Sampling Time = 25 minutes

Volume Sampled = 0.71 m 3 -

Concentration. = 28.5 
- 

mg/rn’ -

) .

~1. ~~~~~~ 
--------:--

~~~~~

-- -  
-

S 
• 

-.

I -

- 

- 

- -
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4 ! ~wi~ M6 , Andersen Sampler -

- - 
— 

-

3!
- 

Stage 50% Stage Weight % çunrnlativc
-1 - point (urn) 1~hunber (mci) Wciqht _ leiciht

___________ 1. 4.7 32.41 32.41

-

- 

- 5 .35  2 4 .4  30 .34  62.75

- 
2.95 3 

- 5.1 - 35.17 
- 97 .92

S - - 1 5 3  4 0 .3  2 .07  99.99
-

~~~~ 
0 .95  5 - —

- 
- 0.54 6 — — —

- 
0.24 7 

- 

— 
S 

- 
—

-

~~~ — —— back -up — —
__- 

—

- 
- - Total Weight 

- - 

= . 14.5 
- 

mg 
- -  

- - -

- 
Sampling Rate = 28.3 --  liter/mm . 

-

Sampling Time = 60 minutes 
- 

-

Volume Sampled = 1.70 in
’ 

- 

- 

-

-
. 

- Concentration = 8 . 5 3  mg/rn’ 
-

11 . 
-- - -

~~~ 

- -

-
- 

- -

- 

- -t - 
- 

- 

-

_

4 ’  - 

—

- 

-

1_~ 

- 
-

• 
-
- 
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- Andersen Sampler ,
- RUN Mi Spcctro p hotO rne t r iC Determination

- Stage 50% Stage Weight Cumulative
poin t (~ irn ) Number (mci ) Wei cih t % i-;~m~~t

- 
- ——— 1 0.0125 0 .23  0 .23

- 
- 

5.35  2 0 .0245  0 .46  0.69 
- -

- 

- : 
- 

2 .95  3 0.145 2 .73  3 . 4 2  
-

-

- 
1.53 4 2 .250  4 2 . 3 3  45 .75

0.95 
— 

2.580 48.53 94.28

0.54 6 0.247 4.65 98.93
-

~~ 
- 0 .24  

- 
7 

- 

0.0285 - 0.53 99.46

back—up 0.0285 0 53 9 9 s 9 9

- - 

Total Weight = 5.316 mg

:~~ 1.~ Sampling Rate = 28.3 - liter/mm . -

Sampling Time = 30 minutes

- - 

Volume Sampled = 0- 85

Concentra tion 6.26 mg/rn’

~
S
~?

1 
~ - . 

-

p 3

- -
I 

-

~I ;iI - -

-

. 
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RUN__MB Andersen Sampler

Stage 50% Stage ~4eight Cumulative
- 

~~ int (pm) Number (rnq ) Weiqht % W~ iaht

- 

___ 1 — — — - 
-

- - 

- 
-
~~~~~~~~ 5 .35  

- 
2 

— - —

- . - 
- 

2 .95  3 0 .0325 2 .55 2 .55 
- -

- 1 5 3  
- 4 

- 0.500 39.22 41.77

- 
- 0 .95  0 .620 48 .63  90 .40

0.54 6 0.096 
- 

7 .53  97.93

0.24 - 

- 

7 0.0215 1.69 
- 

9 9 . 6 2

- ——— back—up 
-__
0.005 0.39 

-

~ 100.01

- 

- Total Weight = 1.275 mg

- Sampling Rate = 28.3 liter/mm -. 
-

Sampling Time = 30 minutes - -

Volume Sampled 
- 

= - 0.85 rn~’ - -

.

• 
- 

• Concentrat ion = 3 . 5  mg/rn’
5’, 

-

- 

- 
- 

- -
- - 

- 
- - - - -

- 
S 

- 

- - -

‘5 ’

- 

- 
- 

-
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— 
Andersen Sampler ,

- - - RUN M9 SpoctrophOtOmctric Determination

- - 
Stage SOt stage Weight Cumulativc

-
- 

- 

~~~nt (urn) Number 
— 

(mci ) Weiqht — 
% Weicibt

— - 
- —— — 1 

— 

0.004 
- 

0.06 
— 

0.06

- 5 3 5  2 
— 

0.007 0.10 
- 

0.16

- 
- 

- 2.95 
- 

3 0.038 - 0 .53 0.69

‘

I
-. 

- 1.53 
- 

4

1 0.600  8 .33  9 .02

j - 

0.95  
- 

5 5.600 
— 

77.78 86.80

- 

- 0.54 6 - 
0.875 12.15 

- 

98.95

‘1 - 0 .24  7 0 .035  0 .49 99.44

-- ~~~~~~~— —— ~~ back—up 0.039 
- 

0 .55 99 •99

- 

- 

Total Weight = 7 • 198 mg

- Sampling Itate = 28 . 3  . - - liter /Th in. 
-

- Sampling Time = 30 
- 

minutes

:~~ ( -  Volume sampled = 0.85 n~
3

- 

Concentration 
- = 8 .46 mg/rn ’

~~~ ~i- S 
-

5 

5 - 
- 

- 
-

• 

- - 

- - 
- 

- 

- 
S

- . 
- 

- -- - - - 

-
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RUN M9 
— 

Weight Determination , Andersen Sampler

Stage 50% Stage Weight Cu~u3atiVo

• ~~~~nt ( t im) Number (mq ) 
— 

_Wci~i!~~_ % Wciciht

-
~~ ~~~~~~~~~~~— 

- — —

- 5.35 2 — — —

2.95  3 
— 

o.1~~_ 1.33 1.33

- 
- 1.53 4 -

- 

1.2 
— 

16.00 17.33

0.95 
— 

5 
— 

5 .5  -__

73 .33  90 .67

- - -
. 

- 

0.54 6 0 .5  6 .66  
— —_9 7 . 3 3

- 0.24 7 0.1 
- 

1.33 98 .66

- ——— back—up 
- — 

0.1 1.33 99 .99

- Total Weight = 7.5 mg

Sampl ing Rate = 28.3  liter /mm .

- 

Sampling Time = 30 minut eS -

Volume Sampled = 0.85 rn ’ - -

- 
Concen trati on = 8.84 mg/rn ’

- - -  - -  - -
-- 

- I

‘ 1  

- 

-

S 

- 

I 
- 

- 
I 

-

- 

- -

1 - - 

- 

-

- - 

- -
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- 

: Andersen Sampler 
-

RUN Ni WEIGHT DETERMIN1\TION , LOWER PORT 
-

Stage 50% Stage Weight % Cumul ative

1~~~-nt (pm ) Numbcr (rnq ) Wei ht % Weiqht - 
-

(--
~~~1 

-

- 

: 
~~~~~~

5.35  
- 

2 — 

- 

— — 
—

_ _ _ _ _ _  
_ _ _ _ _  — H

- - - 

- 2 .95  
— 

3 
—

- 
— - — — 

- 
-

1.53 
— 

4 
- 

0.7  11.29 11.29

0.95 5 . 
— 

3.1 50.00 61.29

0.54 6 
— - 

2.0 - 32.26 93.55

0.24 
- —  

7 
— 

0.3 4.84 98.39

I - - - ——— - 
back—up 

— 

0.1 
— 

1.61 100.00

- - - 

Total Weight = - 6 . 2  mg

Sampling Rate = 28.3  liter /mm . -

- 

- Sampling Time = 30 minutes

~~ 
Volume Sample d = 0 .85  m’

~~ Concen trat ion = 7 . 3  - mg/rn ’ - 

-

I_i 
-- 

I 

-

•~~~~1

- -
- -
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-

Andersen Sampler

• RUN Ni Weig ht Dctcr minat iofl , Upper Port

- Stage 50~ Stage Weight Cumulative

~~~int (;!m) Number (mci ) W ei t _ % Wniaht

—— — 1 — —

- 5.35 __ 2 — — - . 
—

- 2 .95  3 — —

- 

1.53 
I 

4 0.6 8.70 8.70

0.95 4 . 2  60 .87  69.57

- - 
0.54 6 1.6 23.19 

— 

92 .76

0 24 7 0.4 5.80 98.56

- 1 
_:_ back-up 

— — 

0.1~~~~~ 1.45 100.01 - 
-

Total Weight 
- 

= 6. 9  mg 
- 

- 

-- - -

- 

- 

Sampling Rate - 28.3 - 

liter/mm . 
- 

-

Samp)•ing Time = 30 minutes

j~ 
j Volume Sampled - = 0.85 - in ’ 

-

-

~~~~~~~~~ f - 

- 

- 

- Concentration 

- 

= 8 1  mg/rn’ - 
- 

- 

‘—--—- - -- —-— --—- 5 - --
- 

- - - - 

-- ------- -- - — - -

~
--: -

- 

,-
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- 

-- 
RUN N2 

- 

Weight Determination, Andersen Sampler

1 I Stage 50 % Stage Weight Cum ulative
- 1 - 

- 
point (em) 

— 
Number (mci) - Weiqht ~ weiqh t

— - --- 1 - — -
- 5 . 35  2 — — — - 

-

H 
- 

- - -— 2 . 9 5  3 0.1 1.72 1.72

- 
1 .53 4 0 .3  5.17 6 . 8 9

0.95 5 2.6 44.83 51.72

- 

- 

~I 0.54 5’ 6 1.8 31.03 82.75

- (  d - 

- 0.24 7 0.9 15. 52 98 .27  -

- —— back—up 0.1
_—  

1.72 
- 

99.99
I 

S - 
I

- 

~~~~~ Weight 5.8 
- 

mg

-: 
- Sampling Rate = 28.3  - liter/mimi. —

- 

- 

Sampling Time = 30 minutes -

Volume Sampled = 0 .85  in’ 
- -

~ I 
Concentration mg/rn ’

5

- 

- 

-
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4 Andersen Sampler
RUN N3 

- 
Spectrophotomctric Determination

I 
- - 

Stage 5O~ 

- 

Stage Wciqht Cumulative
point (p m) Numbc . (mci ) weiqj t %

- 

;.;5  : : 
- 

:
2 9 5  3 

- — — —
— 

- 1.53 4 0 .005 0.39 
— 

0.39

0.95 5 0.70 54.22 54.61
- 

0.54 6 0.53 41.05 95.66

- 0.24 7 0.04 6 3.56 99 .22  -

- 

- — — — back—up 0.010 - 0.78 
-
_100.00

- 

- 

Total Weight = 1.291 mg

- 
Sampling Rate = 28.3  - 1iter/mim~.

- - 

Sampling Time 30 minutes

Volume Sampled = 0.85 
- 

m 3 I -

- 
Concentration = 1.52 mg/rn 3 

- 

-

- 

-  - I 
- - - - 

- 
- 

- 

-

H 

- 

- -~~~ 
-

- 

- 

- 

I 

-
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Andersen Sampler 
-

- 
; 

- RUU N4 
_____  

SpoctrophotOmCtric Determination

- 

Stage 50% Stztçjc Wciqht Ctummlzttiv~-~
- 

po)nt (pin ) Numbcr (111(T) ~~ ‘~eiç~~j~_ 
~

- --— 1 — — — -

-
~~ 5 .3 5  2 

- — — • - —

- 

-
. 

. 2 . 9 5  3 — — —
- 

1.53 - 4 0.0115 
- 

0.58 
- 

0.58

- 
0.95 5 1.150 57.88 58.46

- 

- 
0.54 6 0.715 35.98 94.44

~~ 
- : - 0 .24  7 0.0875 - 

- 
4 . 4 0  98.84 -

p — — — back—up 0.023 1.16 100.00

) IL -

- 
- 

- 

- 

I
- - h -  -

Total Weight = 
- 1.987 3mmg 

- 
-

: 1 Sampling flate = 28.3  
- 

liter/mm .

- 
- 
Sampling Time = 30 minutes - -

- 

Volume Sampled = 0.85 m’ - 
-

- 

- 

S 

Concentration 
- 

= 2.34 mg/rn 3 -

- -

!I I
~~~~ - 

- - - - -

•

~~~~~~: - 
-

I -

- - 

- 
:- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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- -

- Andersen Sampler I

- 
- RUN_- 

N5 Spectrophotoiflctric Determination 
-

Stage 50 % Stnj c Wciqht Cumulative
pOt nt (mfl) 

— 
_ j t)~~Ler (mc! ) WC.~.çTh~_ % Woiqht

- — — — 1 — — —
5 • 35 2 — — - 

- 
—

-
- -

S 

- 
2 .95  3 —

H - - 
- - 

-

- 1.53  4 — 0 .0825 2.17 —

-~ 0 . 9 5  5 2 . 6 0  —_68.32 70.49

- 

0.54 
- 

6 0 .965 
- 
25.36 

- 
95.85

7 - 0.24  7 
-

— 
0.090 - 

- 2 .36  98.21

I 

-

~~~ back—up 
- - 

0.068 1.79 
- 

100.00

- 
Total Weight = 3.8055 ing - 

-

Sampling Rate = 28.3 - liter/mm . 
S

- Sampling Time = 30 minutes
I 

Volume Sampled . = 0.85 
-

Concen tra t ion = 4.48 mg/rn’ -

ri - . - - - -

P - 

-

5- 1 -

- 

- 
I

I 
I 

-

Lb

- 

- 

-

S

- -l
- 

- 
30-

—~~ ‘—- 
—

-~ -- --— - ~~
- - - .- - _ -- __,I

~~ _
-

~~~~
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RUN wi Upper Port , Andersen Sampler -

stage 50% Stage Weig ht Cumulative
point (pm) Number — 

(mq ) - Weiqht % Weight
I 

-

~~~ ——— 1 1.2 2.73 2.73

- 
5.35  2 4.7  10.71 - 13.44

2 . 9 5  3 8 . 3  18.91 32 .35

- 
- 

- 
1.53 

- 

4 14.0 31.89 64 .24

- 0.95 5 9 .7  22 .09  8 6 . 3 3

- 0.54 6 4.4  10.02 96.35

0 .24  7 1.3 
- 

2.96 99.31

back—up 0.3 0.68 99.99

P 1 - 

-

Total Weight = 43.9 mg 
- 

- -

- - Sampling Rate = 2 8.3  
- 

).iter/min .

- 
Sampling Time = 30 minutes

‘-1 
~ 

- Volume Sampled = 0.85 in’

j - 

- Concentr ation = 
- 51.7 mg/rn’

j  
-

- 
- 

- - - - S

— 
- I 

-

I
N :  

- 
- -

I - 
I 

- 
I - 

- 
S

- 
- 

- 
S

I 

- 
- 
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RUN Wi 
- 

Lower Port , Andersen Sampler 
-

-
~~~~~~ 

- - - S  S

Stage 50% Stage 
- 

Weight Cumulative
point (P~~~~ Number 

- 
(mcv) Weiqht % Weiqht

— —— 1 0.6  1.44 1.44

- 5 .35  2 4 . 0  9 .60  11.04

~~ 5 . ’
~~

- _ - - - 
- 

- 

2 .95  3 
- - 

10.0 - 2 4.01 35.05

-~ - 
- 1 .53 

- 

4 - 11.8 2 8 .33  63 .38

- 
0 .95 5 9.6 23 .05  86 .43

— 

0.54 6 4.1 9.84 96.27
S

0.24 7 
- 

1.3 
-

- 

3.12 9 9 . 3 9  -

- ——— back—up 0.25 0 .60 99 .99
P 1 )  

- 

- 

- - 

-

~

- Total Weight = 41.65 mg -

— 
1 - Sampling Rate = 2 8 . 3 . liter/mm .

~ 1 Sampling Time = 30 
- 

minutes
- 

Volume Sampled = 0.85 
-

- 

- - Concentration - = 49.1 mg/rn’ - 

- -:

ci - 
- 

- 
-

- 
- - I

- 
. I -

p 
- 

- 
-

I-

- 
S -

H - 
- 

-

- 

- 

I 

- 
S
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RUN W2 Andersen Sampler

Stage 50% Stage Weight 
- 

Cumulative
point (pin ) Number (mcy ) 

- — 
Weiaht % Wej ciht

- ——— 1 0.8 
— 

9 .43  9 . 4 3

5.35 2 
— 

1.] 12.97 , 2 2 . 4 0
__—

- 
2 .95  3 2.3 

— 

27.12 
- 

49.52
__—

- - 

- 
- - 1.53 4 1.8 21.23 7 0 . 7 5

— 
0.95  5 1.7 

- 

20.05 ~~~~~~~~

- 
- 0.54 6 - 0 .6 7.06 - 97.86

(

I j - 
0.24 

5’ 

7 0.1 
- 

1.18 99 .04

I - — — — back—up 
- 

0.08 
— 

0.95 99•99

I - 5- mtai Wei ght = 8~.49 ~~ ag 
- 

-

H 
- 

Sampling Rate 28.3 - liter/mm .

- Sampling Time = 
-- 

30 minutes - 

-

Volume Sampled = 
-

- 0.85 - -  -
-

H- -

- Concentration 9 9 7  mg/rn’ -
-

TP J I  
- 

- 
- -

‘ i i-  
- 

- 
- - 

- I 

-

I 

•
.
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RUH W3 Andersen Sampler

- Stage 50% Stage Weig ht % Cumulative
point (pm) Number (mcT ) Weiqht % 1-Zeiciht

- 

1 
- 

2.2 14.73 14.73

- 5.35 2 2.7 -
—_18.08 32.81 

—

- 
2.95 3 2.7 18.08 50.89 

- 

I 

-

I 1.53 
— 

4 2.8 18.75 69.84 
-

I 

0 .95 5 2.3 15.40 85.04
- 

0.54 6 1.4 9.36 94.40 
-

— 1 ~ 

- 0 .24  
- 

7 
- 

0.8 - 5.32 
- 

99.72 
—

-~~ t
- 

- 

- —— — back—up 0.04 0 .27 99 .99 
-

-
- Total Weight = 

- 

14.94

Sampling Rate = 28.3 - 
- liter/mm .

Sampling Time = 30 minutes - —

:4 ! 
- - 

Volume Samp led = 0.85 
- in

’ - 

-

~-i } i  
—

S

I Concentration = 17.2 mg/rn ’ - -

._;~ - 

- - -  
S

- 

- 
—

I 
-

- 
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RUN W4 A n d c r s - n  Sampler

- Stage 50~ Stage Weight Cumulative
point (~~~~~~ i) Number  (inq ) 

— 
Wciciht % Wei qht

- 1 2.2 15.90 15.90

- 5 - 3 5  2 2.3 16.62 32.52

2 .95  3 2 .8  2 0 . 2 3  52.75
- 

S - 

) _ S 53  

- 

4 - 2 . 5  18.06 70.81

0.95 2.3 
— 

16.62 87.43

S 
- 

- 
0.54 6 

— 

1.1 7.95  95.38

~ / - 

S 

- 
0 . 2 4  7 

- 
0 . 6  4 . 3 4  9 9. 7 2

~~~ 

-

~~~~~~~ —— — back—up 0.04 0.29 99.99

-—-

Tota l Weight 13.84 rng - 
- 

— -

I Samp ling Rate 28.3 liter/mm . 
-

-
~~ Sampling Time 30 minutes 

- 
- -

Volume Samp led = 0.85 m’ - 
- 

- 

- 

-

- ConcentratiOn 16.3 mg/rn ’

I S

_ _

I )_  - 
-

b 
-
~~~

11
- 

- 
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I I

RUN W5 Andersen Sampler 
-

Stage 50% Stage Weight Cumulative
point (p m) Number ( i n T )  Wc iciht ~~ 1j~~

—
~~~~~ 3. 1.4 7.37 7.37

5.35 2 2.7 14 .21 
- - 

21.58

2.95 3 4.1 - 21.58 43.16
- - 

- : 
1.53 4 4 . 5  23.68 66.84

- 
0.95 3.4 17.89 84.73

0.54 6 1.5 7.89 92.62

b~ ] - — 
0.24 7 1.2 

- -
- 

6.32 98.94

-
~~ 

- —— — - 

hack—up 0.2 1.05 99.99

-~ 

-

~ 

- - Total Wei ght = 3.9.0 mg 
- -

- 

Sampling Rate 28.3 - - liter/ 1-nin . 
- 

--

- 

- 

Sampling Time 30 
- 

minutes

Volume Sampled 0.85 
-S

- 

- 

Concentration = 22 .4  mg/rn ’ -

-

- 
-

a
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~ RUN P2 Andersen Sampler

Stage 50% Stage Weight Cumulative 
S

point ( ;nn) 
— 

Number (sng ) We~~~ht  % Woiqht

- ____________ 1 2.2 24.80 - 24.80

-
. 

- 

— 
5.35  

— 
2 - 2 .0  22.55 47.35

- 

- -
- 

2.95 3 1.6 18.04 65.39

-~~~ 1.53 4 
— 

1.4 15.78 81.17

-~~~ 
-— 

- 0.95 5 1.0 
- 

11.27 92.44

0.54 6 
— 

0.4 4.51 96.95

- 0.24 7 0 .2  2 .25  9 9 . 2 0

- — — — — 
back—up 

— 

0.07 
- 

0.81 100.01

a —

- 

a- 
- Total Weight - = 

- 

8,87 ing 

- 

- 
-

- 
- Sampling Rate = 28.3 

- liter/mm . - 
-

- ~- - -

Sampling Time 30 minutes -

-

- 

- 

Volume Sampled = 0 . 8 5  
~~‘ 

- 
- 1 .

- - 
Concentration. = 10.44 mg/rn ’

I - - —

‘.l - 

- -  

-
- - - -

- 
- 

I

si, -

I 

S
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RUN F3 Upper Port , Andersen Sampler

Stage 50% Stage Weight Cumulative
point (urn) Number (mg) Weight % Wciqh t—— — 1 1 3 . 6  26 .77 - 2 6 . 7 7

- - 5 .35  2 2 .7  2 0 .07  4 6 . 8 4

-
- 

- 

~ I 
- - 

- 

2.95 3 2.5 18.57 65.43
- 

1.53 
- 

4 2.3 17.10 82.53
- 

0.95 5 1.6 11.90 94 43

0.54 6 0.4 2.97 
- 

97.40

0 24 7 
-

- 

0.2 
-
_ 1.49 98.89

- ——— back—up 
- 

0.15 1.12 100.01
_ _-

- 

Total Weight = 13.45 - ing -

Sampling Rate = 28 .3  - liter/mm .

Sampling Time - = 30 minutes

Volui-ue Sampled = 0.85 
-

Concentration 15.80 mg/rn’

- 

- 

- 

S

- 

- 

-

- 

- 
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- RUN P3 
_ _ _ _ _  

Lower Port , Andersen Sampler

Stage 50% Stage Weight Cumulative

~oint (pm ) NumbE~r (mg ) - Wcic~ht _ % Wc~~jhj

_ _ _ _ _ _ _ _ _ _ _  

1 6.8  35.16 - 35.16

- 5.35 2 3 . 2  16.55 51.71
S 

2 .95  3 3 . 0  
— 

- 15.51 67 .22

1.53 4 2.8 14.48 81.70

- J  - 
0.95 - 5 2.4 

- 
12.41 94.41

7 0.54 6 0.9 
— 

4.65 98.76

0.24 7 0.2 
- 

1.03 99.79
__—

- 

- — —— back—up 0•04 
— 

0.21 
- 100.00

a-

Total Weight = 19.34 rng 
- 

- 

-

Sampling Rate = 2 8 . 3  
- 

- 

liter/mm . 
-

Samp)ing Time = 30 minutes 1

Volume Sampled = 0.85
- 

— Concentration 22.8 mg/rn ’ 
-

-

- 

. 

- 

-
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RUN F4 Upper Port , Andersen Sampler

Stage 50% Stage Weight Cumul ative
- ~~~~nt (p m) Number (mnq ) W ciqht % Wei ght

____________  

1 
— 

4.1 30.46 30.46

- 
- 

5.35 2 2 .2  - 16.34 46.80

~ 
j 

- 
- 2.95 3 2.8 20.80 67.60

1.53 4 2.2 16.34 83.94

- 
0.95 

- 

1.6 11.89 95.83

. 0 5 4  6 0.4 2.97 98.80 
—

- 0.24 -
~ 

0.1 
- 

0.74 99.54

- 

I 

- 
back-up 

— 
0.06 0.45 9 9s 99

— 
Total Weight = 1 3. 4 6  

- mg

- 

Sampling Rate = 28.3 - liter/mm .

- 

Sampling Tir~e - = 30 minutes 
-

Volume Sampled = 0.85 in’

Concentration 15.83 mg/rn3 -

- 
-

- 
-

a

~ U 
- - - - 
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RUN 
Lower Port, Andersen Sampler

Stage 50% Stage Weight Cumulative

paint (pm) Number (mcj ) Weigh t __ % Weiciht

_ _ _ _ _ _ _ _ _ _ _  

1 - 7 . 5  4 7 . 3 7  - - 
47 •37

5 .35  2 2.8 17.69 65.06

2 . 9 5  3 
— 

2.1 13.27 78.33

1.53 
- 

4 
- 

1.8 11.37 89.70

0.95 5 
- 1.1 6.95 96.65

0.54 
5’ 

6 
— 

0.4 2.53 99.18

~
‘ 

0.24 
- 

0.1 - 0.63 99.81

back-up 0.03 0.19 
- 

- 
100.00

- Total Weight = 15.83 mg 
-

Sampling Rate = 28.3 
- 

liter/mm .

Sampling Time 30 minutes -- -
:

Volume Sampled = 0 . 85  in’

Concentration = 18.62 mg/rn ’ /

- 

- - 

- 
-
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- - I
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- RUN PS 
- 

Upper Por t , Andersen Sampler

Stage 50% Stage Weight Cuinu).ative
$ - ppint (urn )  t~uniber (mg ) Weicth t % Weiqht

_ _ _ _ _ _ _ _ _ _  
1 7.9 34.05 34.05

-

~~ 
- 5.35 2 - 

— 
5.1 21.98 

- 

56.03 
-

- - -

; ~- - 
2.95 3 

- 
4.1 - - 17 .67 

-
~~~~~~ 73.70

- 1.53 4 
- 

2.7  
- 

11.64 
- 

85.34

- 
0.95 - 5 2.9 12.50 

- 

97.84

0.54 
— 

6 0.3 12.99 
- 

99.13

0.24 
- 

7T 0.1 
- 

0.43 99.56

- 
—

~~
-—  back—up 0.1 - 0.43 

-

~ 99.99

-- 

- - 
~~

- Total Wei ght = 
- 

23.2 mg 
- 

- 
-

- 
Sampling Rate = 2 8 . 3  - l i ter/mm . 

- 

- -

- 

- - 

Sampling Time = 30 - 
— minutes :

Volume Sampled = 0185 in
3

Concentration = 27.4 mg/rn’ 
—
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