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Battel Ie Memorial Institute
505 KING AVENUE COLUMBUS I, OHIO

March 195U

Commanding Officer 
Chemical Corps
Chemical and Radiological Laboratories
Army Chemical Center
Maryland

Attention Mr. J. P. Mitchell, Chief 
Radiological Division

Dear Sir:

Development of a Radioactive-Dust Collector 
Chemical Corps Contract No, DA18-108-CML-5095

Enclosed is a copy of the fourth bimonthly Progress Report 
for this project covering the work done from December 15* 1953* to 
February 15* 195U* The most significant contribution of this report 
is the description of two filter-feeding mechanisms which are an im
provement over those reported in the Third Progress Report. It is 
our recommendation that the rotary-disc type of feeder mechanism be 
designed in detail and fabricated as soon as possible* as it seems 
to incorporate all of the advantages of the other mechanisms and yet 
is simple and compact.

We would appreciate having your comments in regard to the 
feeder mechanism recommended so that we can proceed with the actual 
construction. If you have any questions* please let us know. Also, 
if a conference for the purpose of discussing the project, especially 
me filter-feeding mechanism, appears desirable at this time, it can 
be arranged either here at Battelle, or, if more convenient, at the 
Army Chemical Center.

Yours very truly.

Richard B. Engdahl, Chief 
Fuels and Air Pollution Division
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This report summarizes the progress which has been made during 

the period from December 15, 1953^ to February 15, 195U»

Two designs for a filter-feeding mechanism are presented with the 

recommendation that one be approved so that it can be detailed and fabri

cated.

The laboratory investigation is discussed and a new dust-feeding 

device described briefly.

The isokinetic-control apparatus is discussed and certain design 

modifications described.

1________________________________________________________________ ________________________ _
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SUMMARY

The operational difficulties encountered when using the sonic dust 

generator described in earlier reports made it necessary to design a more 

positive type of dust-feeding mechanism for some of the test work. A brief 

description of this dust feeder is included in this report. Also, the re

sults of some preliminary tests to determine the amount of wall loss which 

occurs in the horizontal cone are discussed.

Two designs fbr a filter-feeding mechanism are presented and dis

cussed. Because of its simplicity and compactness, it is concluded that the 

rotary-disc type of mechanism is the most suitable and should be detailed 

and built.

In the discussion of the isokinetic control, it is pointed out 

that the effect of the wall boundary layers inside the small sampling and 

metering nozzles were so great that the controlling circuit was too sensitive 

when using hot wires in the inlet opening. A hot wire was placed just down

stream of the filter and calibrated. The results, which were consistent 

and reproducible, are included in this report. Future plans for this 

isokinetic-sampling control are outlined.

LABORATORY INVESTIGATION 
TO DETLRMxNE OPTIMUM SAMPLING AldtANOEKiiKT AMD 

FILTER CHARACTERISTICS

Laboratory work is being done to determine (l) the effect of low 

velocities in a horizontal cone on the amount of wall loss, (2) the amount 

of deposition on the wall of the elbow if a vertical cone is used, and (3)

the effect of a more sudden enlargement than the proposed seven-degree cone
I
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on the velocity profile across the filter and the resulting dust-collection 

pattern. In addition to this* the characteristics of the millipore filter 

as it becomes loaded with dust is to be determined, and the entire problem 

of making both a radioactive and size-particle count studied.

Test Apparatus

The sonic dust generator described in the Second Progress Report 

and disc vis sed in the Third Progress Report has been operated fairly satis

factorily. One of the major difficulties, however, has been the determi

nation of the dust concentration of the aerosol being sampled. Because of 

this, a more positive type of dust-feeding mechanism has been designed and 

will be used for the test work at present. The sonic generator has not 

been discarded, however, and will be used as time and need warrant.

Figure 13 shows the type of dust-feeding device which is to be 

used for the tests to determine the wall loss resulting from either low 

velocities in the horizontal cone, or the use of an elbow with the vertical 

cone, as well as the effect of a much greater enlargement from the sampling 

nozzle to filter diameter. The test dust will be scattered uniformly in 

the groove around the top of the turntable. The table will be rotated by 

the small motor at a speed of about one revolution per hour. The aspirat

ing effect of the small tube inserted in the throat of the venturi section 

will draw the dust into the air stream. As the air expands downstream of 

the venturi throat, the dust should become uniformly dispersed. This type 

of feeder will permit the use of moist air if it is felt that high-humidity 

conditions should be investigated.

BATTELLE MEMORIAL INSTITUTE
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Evaluation of Sampling Cones

The initial testing of the seven-degree horizontal sampling cone 

shows that there is a definite settling out of the particles on the lower 

half of the cone. The collection of the particles on the filter is selective 

when using this arrangement, in that the lovrer section becomes loaded more 

rapidly. This indicates that the settling velocity of the particles has a 

pronounced eifect inside the cone and that a vertical and much shorter cone 

is necessary. More tests of this type will be made and the evaluation of 

this arrangement should be complete before the end of February.

Because the vertical cone arrangement would simplify the nozzle- 

orienting device considerably, it will be studied as soon as possible to 

see what, if any, particle deposition there is on the walls of the sampling 

elbow. ' Both this and the effect of a more rapid enlargement should be 

fully evaluated before the end of the next report period.

Millipore Filter Characteristics

Although we do know the approximate specifications for the ex

hauster, which will be required for this unit, the millipore filter will 

be studied further to see the effect of dust loading on pressure drop and 

particle deposition on the filter. Arrangements are being made to have 

some indium sulfate prepared so that it can be mixed with the dust and 

then exposed to a neutron source after it has been collected on the filter. 

Since only the indium-salt particles will become radioactive, a check can 

De made of the ratio of "hot" to 'bold" particles. In addition, work is in

1_________________________________________________________________ i__________________________
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progress to study methods of preparing autoradiographs of ••hot," particles 

by use of liquid stripping emulsions.

AUTOMATIC FILTER-FEbDING MECHANISM

Two alternate designs for a filter-feeding mechanism were pre

sented in the Third trogress Report dated December 1$, 1953• Both of these 

designs were discussed with N. S. Capasso, project officer, during his visit

to Battelle on January lU, 195U. At that time, it was agreed that although
*

the pickup-type mechanism fulfilled all of the requirements, it would have 

to be simplified to be practical. It was also agreed that the minimum 

number of filters which the automatic-feeding device should handle would 

be 2U, so as to provide for twelve hours of continuous sampling at thirty- 

minute periods. The purge operation, which would clean out the sampling 

nozzle after a period of nonsampling, was considered to be essential and 

was added to the list of requirements.

In the light of the above discussion, two mechanisms have been 

designed which we feel incorporate all of the requirements set forth. Both 

have been designed to function in either a horizontal or vertical position. 

Both are relatively simple and appear to be foolproof in their operation. 

Although there are many other equivalent mechanisms that will accomplish 

the same result, it is believed that the two discussed below are most suit

able because of their simplicity and compactness.

Rotary-Disc Feeder Mechanism

This type of feeder mechanism consists of a rotating disk which 

i alternately moves a filter and a spacer from the unexposed-filter magazine
BATTELLE MEMORIAL INSTITUTE
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to the exposed-filter magazine, stopping with the filter in position for 

sampling for a predetermined period. The filter and backing are held in 

a filter holder especially designed to protect the filter and prevent the 

uislodging of any collected dust.

Figure lli shows the details of the magazine. The hinged door not 

only simplifies the loading operation but also permits the selection of any 

particular filter without disturbing the others in the magazine. This 

might be important if a quick analysis of a certain sample was desired.

The sliding lid, 1, has a tab, 2, which slips into a slot on the base plate 

and automatically opens the bottom of the magazine as it is pushed into 

position. A compressed spring, 3t provides the power necessary to push 

the unexposed filters out of the magazine as well as keep the stack of ex

posed filters and spacers compact as they are forced against the piston, ii.

Figure 15 is a sketch of the proposed sampler and rotary feeder 

as used with a vertical cone. It should be noted that this same mechanism 

can be used for a horizontal cone. (The factors to be considered in the 

selection of the type of sampling nozzle which should be used are discussed 

elsewhere in this report.) The unexposed-filter magazine, 5, is shown in 

position on the right with the lid, 7* open. The exposed-filter magazine, 

6, is shown on the left with its lid, 8, in the open position. The motion 

of the rotary disc is counter-clockwise, as indicated.

Figure 16 shows the essential details of the rotary-diso 

mechanism. The magazine base is held in position by the magazine carriers, 

12, on the top plate, 13, of the driving mechanism. The purging port, 10, 

is smaller in diameter than either the filter or spacer and hence passes 

underneath. The motion of the mechanism is stopped when the carrying port

BATTELLE MEMORIAL INSTITUTE
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reaches a point midway between the two magazines, and the purging port is 

directly under the sampling nozzle.

When the signal from the control timer energizes the system, 

the blower operates at full capacity for a brief period to purge the 

sampling nozzle. The carrier plate, 11, then rotates the carrying port, 9, 

under the unexposed-filter magazine and a filter, in its holder, is dropped 

into position and held by the spring-loaded pin, 16. It is then moved to 

the sampling position where the rotary motion stops for the predetermined 

sampling period, fohen the sampling period is over, the carrier plate 

again rotates, carrying the exposed filter to a position directly beneath 

the exposed-filter magazine. The filter is then stopped by the lift pin, 

1U, and forced up into the magazine by the tapered surface, 15, of the 

carrier plate as it continues to rotate past this point. The carrying port 

then moves around and picks up a spacer and moves it over to the exposed- 

filter magazine where it is forced up by the same action. The plate stops 

rotating when the carrying port is midway between the two magazines.

At the end of each sampling cycle, a spacer is always at the 

bottom of the exposed stack and is left in the machine. By doing this, 

the magazines can be one disc space above the rotating disc. The complete 

cycle for purging, loading, and depositing requires two revolutions of the 

carrier plate. This cycle could be accomplished in a ten-second period 

without distorting or jarring the filters. Although the original design 

shows a capacity of 2h filters, the number could be increased without 

difficulty. As shown in Figure 16, the feeding mechanism would be driven 

by a small 2ii-volt d-c motor, with the operation being controlled by micro 

switches actuated by a rotating cam.

BATTELLE MEMORIAL INSTITUTE
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Tape-Type Feeder Mechanism

The tape type of feeder mechanism retains the individual filters 

with their backing on a conveying medium such as paper so that they can be 

wrapped on a drum. This tape is then advanced one space at a time, the 

filters being spaced between open ports which allow for a purging operation. 

After the filter is exposed for a predetermined period, that section of the 

tape is cut off and stored in a compartmented magazine, which indexes either 

up or down. The most important feature of this mechanism is its large 

storage capacity for both unexposed and exposed filters.

Figure 17 shows a sketch of the tape type of feeder mechanism.

The filters and backings are secured in the recess shown on the conveying 

tape. Every other opening in the tape is left so that there will be no 

filter exposed during periods of nonsampling, and so that the nozzle may 

be purged before taking a new sample. The feed roller indexes the tape so 

that the openings are directly beneath the sampling cone. The tape moving 

between two guide strips, both of which would be under compression by a 

spring, would provide the necessary air seal. As soon as a sample had been 

taken, the exposed filter would be moved into the magazine and detached from 

the tape by means of the cutting mechanism shown. The exposed-filter 

magazine would index to another position so that each sample would be in a 

separate compartment.

Discussion

Although the rotary-disc feeder has not been designed in detail 

as yet, it features and parts are familiar enough so that we believe it 

could be built in approximately eight weeks. The tape-type feeder would

BATTELLE MEMORIAL INSTITUTE
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probably require a somewhat greater expenditure of time for development 

because of the problem of finding a suitable conveying material. However, 

after being developed, the tape type of feeder might be less expensive to 

manufacture than the rotary type.

The rotary-disc mechanism utilizes the filters in a form which is 

presently available. It would only be necessary to mount the individual 

filters with their backing in the holding rings and stack them in the 

magazine between spacers. In contrast, the tape type will probably require 

that the manufacturer of the filter make the mounting on the conveying

tape. /.Iso, because the section of the tape which has the purge hole
*

cannot be cut off readily by itself, the exposed-filter magazine will have 

to be very deep to accomodate two filter diameters plus the necessary space 

between openings to allow for indexing.

Conclusions

Although there are many other mechanisms which will accomplish 

the same results, we believe that the compactness, simplicity, and avail

ability of the rotary-disc feeder makes this mechanism the most suitable 

for this dust sampler. As stated before, the features of this mechanism 

are familiar to our design engineers, hence, there should be no delay in 

the development of a working model.

We recommend at this time that the rotary-disc mechanism described 

in this report be designed in detail and that a working model of the filter

feeding device be built as soon as possible. This work should be completed 

and necessary modifications, if needed, made within a period of three months , 

For the present, it would be best to design the filter magazines to hold 

2h filters. This could be increased at a later date if necessary.

BATTELLE MEMORIAL INSTITUTE
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ISOKINETIC CONTROL APPARATUS

Further testing of the control apparatus outlined in the last re

port has brought certain inconsistencies to light. It will be recalled that 

the apparatus consisted of two hot wires located in the sampling nozzles with 

control being obtained by balancing a Wheatstone bridge containing the too 

hot wires. It was Tound that variations in the inlet-flow conditions to the 

nozzles caused variations in the bridge readings without corresponding vari

ations in flow as registered by the flowmeter. It appears that this condi

tion is caused by changes in the wall boundary layer inside the sampling 

nozzle. The nozzle will therefore be quite senstitive to variations in wind 

direction and to objects in the near vicinity.

With the above in mind, it was decided to move the hot wire to a 

location where variations in inlet conditions would have little effect on it. 

The most obvious such location is behind the filter. At this point there is 

no danger of contamination of the hot wire by incoming particles and the flow 

distribution behind a filter shorld be quite uniform.

At this point a question arises as to the effect of the density 

variation across the filter on the hot-wire reading. Me Adams* states that 

for single cylinders of diameters comparable to the hot wire with air flow

ing normal to the wire, the heat-transfer coefficient may be determined as 

follows:

■^"Heat Transmission" Second Edition, McGraw Hill, 19li2, p 220.

BATTELLE MEMORIAL INSTITUTE
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where:

h = Heat-transfer coefficient (Btu/sec/ft^/F)

D = Hire diameter (ft)

K = Thermal conductivity of lluid (Btu/sec/ft^/fV^)

K2, a = Numerical constants 

p = Fluid density (lb/ft3)

V = fluid velocity (ft/sec) 

p - fluid viscosity (ib/sec ft)

If we now consider two hot wires, one located in the sampling 

nozzle i;ith essentially ambient pressure and density, and the other located 

behind the filter in a region of reduced pressure and density, we can then 

determine the relationship between the heat-transfer coefficients at the 

two locations.

Filter' (j>)

but, from continuity:

P1 A1 V1 -p2 A2 V2 

or V2 =^1 A1 ^1
P 2 a2

therefore.

j

BATTELLE MEMORIAL INSTITUTE
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It is therefore seen that the heat-transfer coefficient and, 

therefore, the hot-wire reading at location 2 varies from that at Location 

1 only as a function of the differences in area between the two locations.

The product of density and velocity at any location is constant if the 

effects of compressibility are ignored.

Figure 18 shows the test rig as rebuilt to include a single hot wire 

behind the filter. The bridge circuit was modified to include a l/2-ohm 

resistance in place of the other hot wire and the resultant circuit was 

calibrated. Figure 19 shows the calibration of the hot wire when located 

downstream from the filter. Some scatter will be noted in these data. This 

is due for the most part to temperature changes in the resistors used in the 

bridge circuit. These resistors have now been insulated in an effort to 

obtain a more constant temperature.

It will be noted that the hot wire used is approximately 3-3A 

inches long and spans the width of the duct behind the filter. It may be 

possible to shorten this while maintaining comparable accuracy and durability

The velocity measured behind thb filter is 2.1 per cent of the 

ambient-air velocity due to differences in area and static pressure between 

the sampling nozzle and behind the filter.

It is planned to measure the ambient-air velocity with a non- 

directional probe similar to the one developed by the Hastings Instrument Co. 

The cutout from this probe will be combined with the output from the hot

wire bridge circuit to operate either a valve actuator or a fan-motor speed 

control. A compensating circuit will be provided to take into account the 

difference in velocity between the hot-wire location and the sampling nozzle.

BATTELLE MEMORIAL INSTITUTE
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FUTURE WORK

If the rotary-disc type of filter-.feeding mechanism described in 

this Fourth Progress Report is acceptable to the personnel responsible for 

this project at the Army Chemical Center, the detailed design and fabrica

tion of a working unit will be started. Barring any unforseen difficulties, 

the filter-feeding mechanism should be completed by the first of May, The 

other components, such as the exhauster, control timer, flow recorder, flow 

controller, and orienting device, are being developed separately ..rom the 

feeder mechanism and sho' Id also be ready by the first of May so that the 

entire unit can be assembled and tested by the first of June,

Turing the next report period (February 15 to April 15) the 

evaluation of the various sampling nozzles should be complete and the optimum 

design developed so that the nozzle can be fabricated. The exhauster should 

be obtained and the necessary equipment to maintain isokinetic sampling and 

record the air flow designed and, if possible, built or acquired before the 

middle of April.

More consideration will be given to the counting technique during

the next two months and every effort will be made to have some tests run

with the indium sulfate mixed with the dust so that the ability to measure

the ratio of hot to cold particles can be checked.

Information on the effect on the collection of various sized

particles when sampling nonisokinetically will be obtained as time permits,

RDE:WAS:JEY/jvc 
March 1, 195U
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