A. 331950

Technical Report 170

ELECTRICALLY OPERATED IMPACTORS

FOR
HYDROMETEOR SAMPLING

by |
Harold W. O'Brien

and

Motoi Kumai

DECEMBER 1965

U.S. ARMY MATERIEL COMMAND
COLD REGIONS RESEARCH & ENGINEERING LABORATORY
HANOVER, NEW HAMPSHIRE

- — ——

) C;f;:-EN{‘.{;{J!j{;E !
N i . R BN «;(v L‘\’\YD '
TOR® o 7 . N UUUCAND
v e T SN ?

Haveo. -

‘ /. o0 ﬂSZ)”’Q/ Ao

o




c——n gy -

Technical Report 170

ELECTRICALLY OPERATED IMPACTORS

FOR
HYDROMETEOR SAMPLING

by
Harold W. O'Brien

and

Motoi Kumai

DECEMBER 1965

U.S. ARMY MATERIEL COMMAND
LOLD REGIONS RESEARCH & ENGINEERING LABORATORY
HANOVER, NEW HAMPSHIRE

DA Task IVO14501852A02

Distribution of this document is unlimited




Bhdod

it

ii

PREFACE

This report discusses a portion of the research instrumentation
developed since November 1962 in conjunction with USA CRREL project,
Fog visibility and snow studies. The work was done under the super-
vision of Dr. R. W. Gerdel, Chief, Environmentai Research Branch,
and Mr. James A. Bender, Chief, Research Division.

The impactors described were constructed in USA CRREL's
machine shop by personnel of the Measurement Systems Research
Branch, Mr, William Parrott, Chief.

USA CRREL is an Army Materiel Command laboratory.

DA Task IV014501B52A31
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SUMMARY

Two models of impactors have been designed for remote sampling
of hydrometeors. One, a flashbulb-activated model, is quite suitable
for multiple simultaneous sampling, but is prone to occasional
mechanical failure. The other, a solenoid-operated model, is almost
failure proof but requires considerably more electrical current for
multiple simultaneous sampling than does the flash type unit.

L e
P s, A, b 4, B ¥ kN

Results of some laboratory tests on the impactors are shown and
field use of the impactors is discussed,

The appendix contains electrical specifications for each type of unit,
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ELECTRICALLY OPERATED IMPACTORS FOR HYDROMETEOR SAMPLING
by
Harold W. O'Brien and Motoi Kumai

INTRODUCTION

The measurement of size and mass distribution of fog and cloud droplets is an
important adjunct to studies of visibility and weather modification. The problems
of reduced visibility and weather modification have many obvious implications,
‘both military and civil, Methods and techniques for sampling fog droplets have
been improved by many scientists: Houghton and Radford (1938), Weickmann and
aufm Kampe (1953), Keily (1960), May (1961), Edwards and Evans (1961), and
MacCready and Todd (1964). However, an improved type of impactor would be
valuable in many phases of the research conducted by the Environmental Research
Branch of USA CRREL, including studies of the nucleation and growth of fog and
cloud droplets (and crystals), and visibility and weather modification (including
fog and cloud dispersion) in cold regions.

This paper presents a discussion of new electrically-operated hydrometecr
samplers of the impactor type which have been designed and subsequently mcdified
by the authors (Fig. 1). These impactors were constructed in the machina shop
at USA CRREL and field-tested in Alaska and Greenland. Electrical specifications,
given in Appendix A, apply specifically to impactors presently in use at USA CRREL;
however, this information may be readily converted, almost in its entirety, to
apply to any units of reasonably similar construction,

DESIGN OF THE IMPACTORS

A primary consideration in the design of the new impactors was the desira-
bility of quantitative sampling of fog droplets and ice fog crystals (2u to 200 diam)
at various heights, e.g., from a tethered blimp or small rocket. The impactors
(Fig. 1, 2, 3) consist essentially of a cylindrical set of aluminum chambers,
connected in tandem by threaded joints. There are three general types of
chambers: impactor stages, valving sections and vacuum chambers. In operation,
impinging discs (collector plates) are placed on holders in the impactor stage and
the vacuum chamber evacuated. Energizing the valve allows the intake of air
through the impactor stage, to equalize the pressure in the vacuum chamber, In
passing through the impactor stage, droplets and/or cyrstals impinge upon the
collector plates and are collected in a drop of silicone oil or on a sensitized film..

The impactor stages are of relatively conventional design. Each impinging
disc holder is machined in the shape of a symmetrical cross with a central portion
which is recessed to receive a 10-mm microscope cover glass. The radial ends
of the cross and the inner wall of the impactor chamber are threaded so that the
distance between impinging disc and intake aperture may be adjusted.

Two types of valving mechanism have been employed in these impactors. The
first model (Fig. la, 2) has been briefly described in connection with its use in
ice fog studies (Kumai and O'Brien, 1965). In this model, the valving chamber i3
sealed off from the vacuum chamber by a brass diaphragm with a 7-mm hole in
its center. Closure of the vacuum chamber is completed by placing a microscope
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2 ELECTRICALLY OPERATED HYDROMETEOR SAMPLERS

(a) Original flash type (connected to vacuum (b) Modificd flash type (on plain stand).
gage stand)

(¢) Solenoid type (requires no stand)

Fig» Zlectrically operated impactors.
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Figure 2. Flash-valve impactor.

cover glass over this hole and sealing it with vacuum grease. The valving device
consists of a spring-loaded plunger which, when cocked. is poised above the cover
glass which scals the vacuum chamber. The cocked pluager is held in check by

an AG-1 flashbulb (with plastic coating removed). Delivery of tess than ! amp to

the {lashbulb causes the bulb to shatter, reieasing the plunger. The plunger

pierces the microscope cover glass allowing the intake of air to the vacuum chamber,
This type of inipactor also requires that the vacvum chamber be fitted with a

needle valve through which the chamber may be evacuated. Although unconventional,
this valve has one definite advantage: multiple units may be connected in paratlel
and fired sim ltaneously® with a very low current. Foi examuple, four {lash valves
could be fired simultaneously at different heights (e, g., 40, 60, 80 and 100 m) with
an applied voltage of lcss than 6,0 volts d ¢ (see App. A). This feature can be
important in field research where multiple simultaneous samples are desired but
current available at the impacters is low because of long leads, weight restrictions

¢ Note : This would actually result in a sequential sampling, but would occur so
rapidly as to be considered simultaneous for most purposes.
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Figure 3. Solenoid impactor,
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on wire diameter (as in blimp operations), or limitation to low voltage sources.
On the other hand, the flash valve has several undesirable features. One of these
is the inconvenience encountered in "reloadjng” the valve. Also, while using

this type of impactor for ice fog studies at Fairbanks, Alaska (Kumai and O'Brien,
1965), and in whiteout dispersal studies at Camp Century, Greenland (Hicks, 1965)
it was discovered that particles of burned magnesium ribben (from the fiashbulb
filament) may be deposited on the second coilector plate (or "impinging disc")
even though the flashbulb is semi-isolated from the path of air intake. Apparently
there is a "blow-back” at tue time of the shattering of the bulb, In addition, the
plunger was occasionally jammed by particl:s of broken glass from the flashbulb,
necessitating disassembly and cleaning of the vaire,

To eliminate.contamination of the sampl= by particles of burned magnesium
from the flashbulb, a ruvised model of the impactor was designed which utilizes
a solenoid valve for releasing the vacuum (Fig. 3a). The solenoid valve is a
commercial type, chosen for ite compactness and low electrical power require-
ments. Before installation, the coils were dipped in enoxy for weather-proofing,
A mounting plate was designed for the solenoid valve and inistalled in the valving
section. The otiginal valve outlet was plugged and a hole drilled through the
mounting plate into the valve to divert the direction of air flow into the vacuum
chamber. Naturally, the brass diaphragm containing the vacuum orifice used in
the flashbulb units is not necessary in solenoid units and has been eliminated.

Scveral other mod’{ications were made in the impactors concurrently with
the installation of solenoid valves. First, all joints were fitied with O-rings to
insure prevention of air leakage. Secord, all thrcaded joints were standardized
so that they are freely interchangeable. This enables the use X any combination
and number of irmpactor stages and vacuum chambers., Third, the volume of the
vacuum chambers was changed.from 100 cm? to 50 cm? to allow ;reater flexibility
of intake volui.es. Fourth, the needle valve was eliminated from the solenoid
impactors: a special vacuum charging cap was designed to connect directly to
the valving chamber (Fig. 3bj and the chamber is evacuated through the sol=noil
valve. Finally, the shape of the orifice caps was modified to improve the
smoothness of flow through the intake orifice,

The solenoid valve provides cleauer, more convenient operation than the flash
units, and in laboratory tests and fieid research by the authors at Point Barrow,
Alaska (Kumai, 1965) and by a research group headed by Mr. J. R. Hicks of
USA CRREL at Camp Century, Greenland (Bortell and Hicks, in preparation) there
were no cases of failure to operate or of valves beconiing jammed. The chief
himitation of the solenoid valves is that approximataly 0, 15 amp is required for
cach impactor (App. A). Thus, for the example previousiy cited (four impactors
at 40, 60, B0 and 100 m). the solenvid valves would require approximately 32 volts
compared ta less than 6 volts for the flash units,

IMPACTOR METHODS

The principle of operation of the electrically rated impactors is similar to
that of impactors described by Kumai and Francis (1962); their paper may be con-
sulted for a discussion of the collection efficiency of this ivpe of impactar,

Field use of the impactors has previously been discussed at scme length
(O'Rrien and Kunai, 1964).  erefore, only a brief summary of suggested pro-
cedures and precautions wi' - included here, ‘

The must cothmon coT:  ation of impactor clements is that shown in Figure Ja,
with two impaclor stages, o valving section and two 50-cm? vaceum chamba rs.
(Mker combinations may be sed; for example, in dense fog sne vacuum chamber
may be sufficient to draw 1n a suitable sample.
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Figure 4. Approximate temperature-vis-

cosity relationship for DOW 200 fluid. For

example DOW 200 fluid rated at 9000 cs
gives a viscosity of 15, 000 cs at about
-2C and would probably Le suitable for

collecting fog droplets at ambient temper-

atures between -10C and +10C.

Fog droplets (and ice crystals)
are usually collected in silicone oil
to prevent evaporation (or sub-
limation). The impinging discs
consist of circular microscope
cover glasses |0mm in diameter.
A glass disc is placed in the recess
of each impinging plate holder* and
a drop of silicone oil of suitable
viscosity is applied to the surface
of each disc, The proper oil
viscosity is such that the impinging
droplets will be suspended in the
oil, Our laboratory experiments
indicate that a viscosity of about
15, 000 centistokes at ambient
temperatures is suitable for drop-
lets of fog size. The authors have
used DOW 200 fluid, which is
available in several viscosities
(Fig. 4).

The impactors have also been
successfully used in the field by
the authors (Point Barrow, Alaska,
summer 1964) to impinge fog drop-
lets on chloride-sensitive gelatin
film placed on the impinging disc
holders (Kumai, 1965).

The vacuum used may be any
pressure down to the limit of the

pump available. However, experience has shown that the best results are likely
to be obtained by using the vacuums shown below with the viscosity of oil
recommended (about 15,000 cs at ambient temperatures).

Droplet diam ()

2 - 30
10 - 100
100 - 200

Vacuum (in, Hg)

28
14
7

Correctness of vacuum utilized may be checked by examining the sample under a
microscope. If the sample (droplets or crystals) appears to be '"floating' on the
surface of the oil, the degree of vacuum should be increased, If droplets appear
to be mostly "flattened' against the glass disc, under the oil, iess vacuum is
necessary. lIdeally, the particles should be suspended in the oil.

In laboratory experiments with the impactors, water droplets having diameters
from 2 p to 200 p were collected from the mist formed by a spray bottle, Samples

*The impinging disc holders are normally pre-set at an accurately measured dis-
tance from the intake aperture (by means of the threaded adjustment previously
mentioned) and the collection efficiency of the impactcr determined. The position
of the disc holder should not be changed thereafter unless the new position is
measured with a depth micrometer and recorded so that the collection efficiency

may be redetermined.
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were collected using impactor vacuums of 28 in. Hg, 14 in, Hg, and 7 in. Hg.

At a vacuum of 28 in, Hg (Fig. 5a) droplets smaller than 70 u were collected and
suspended in the silicone oil, whereas large droplets having greater momentum
penetrated the film of silicone oil and flattened in the boundary between the glass
and the oil (indicated by the arrows in Figure 5a and b). At a vacuum of 7 in. Hg
(Fig. 5c) droplets larger than 70 p were suspended in the silicone oil due to their
lower impinging velocity. The collection efficiency for small droplets was much
lower at 7 in, Hg than at 28 in. Hg vacuum because their momentum was reduced
to such an extent that they could not penetrate the surface of the oil. Consequently,
such droplets evaporated rapidly from the surface of the oil.

The size distribution of water droplets in 100 cm? of atmosphere is graphically
illustrated in Figure 6. (These are the same droplets shown in Figures 5a-c.)
The diameter of maximum fregunency is the same (10 ) in each of these three
different collections,

Samples of fog having a small droplet size and narrow range of diameters,
such as radiation fog, would best be collected using a high vacuum (Fig. 5a).
However, samples of fog having a wide size range, such as the marine fogs at
Barrow, must be sampled using several different pressures, and appropriate
corrections for the collection efficiency must be applied for each degree of vacuum,

Samples should be recovered and photographed as soon as practical after they
are obtained, altnough droplets and/or crystals properly impacted in oil will not
evaporate or sublimate, nor will they be absorbed by the silicone oil. If micro-
scopy is to be done in a sheltered place, or if outside with no precipitation, place
the disk, oil side up, on a glass microscope slide and place on microscope stage.
If microscopy is to be done outside and there is any form of precipitation, place the
disk 0il side down on the glass slide. Particular care should be taken in this case
in focusing the microscope, to identify each glass surface to insure that one recog-
nizes the sample.

For liquid water content measurements, it is imperat.ve that the entire sample
on each stage be photographed. This usually will require that several mic.oscope
fields be photographed, sometimes at more than one focus setting.
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Figure 6. Size distribution of water droplets in i0 cm3 of atmosphere collected
by an impactor using 28 in. Hg, 14 in. Hg and 7 in. Hg vacuum,
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APPENDIX A. ELECTRICAL SPECIFICATION FOR IMPACTORS

Wire: Recommended wire is 20 gauge copper, Teflon insulated; resistance:

0.009355 ohms/ft.

Valves - Single operation:

Flash valve Solenoid valve
Resistance 1.27q 22 Q
Minimum current 0.3 amps 0.35 amps

Multiple operation: Multiple operation of the valves for obtaining simultaneous
samples from several locations (i.e., several altitudes) is possible. Solenoid
units should be connected in SERIES for multiple operation, whereas flash units
should be connected ONLY IN PARALLEL;

The voltage required to operate multiple units will depend, of course, on the
type and number of impactors, the resistancs of the wire, the distance from
batteries to impactors, and, in the case of multiple flash units in parallel, the
distance between impactors,

Values for both series conanected solenoid units and parallel connected flash
units are shown in Tables AI through AV. These tables assume that lead wire i3
as recommended above.

Values for series connected solenoid valves for other combinations of impactors
may be computed using the simple circuit diagram:

.L {” — b_'b' b—‘.. ‘;l___iﬂ_

T

where Egg is the minimum voltage required for solenoids in series, Rgq is the
total resistance of the leads of the solencids in series, n(b) is the total resistance
of n solenoid impactors (b; + b, + by + === + b,), and i is the minimum required
current.

Ess - i(Rss + nb)

Values for parallel connected flash valves are a little more complex. As each
unit flashes, it opens its branch of the circuit, which requires a recalculation of
circuit parameters, The voltage required to fire all impactors depends upon the
battery-to-first-impactor distance (D) and upon the distance between impactors (d)
(see Fig. Al). A four-impactor circuit is shown below,
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_ Ve .381 (3B 4 4rb + 1)
© TR b3y 6rb? 4 5r2b 4 pd

E, = vcc+R4(ib+ic) = 0.381 + Ry [ 0.3+ 0.38! r? 4+ 1.94r + 1.85
P+ 6.35r + 9.69r + 2.05

where E ¢ is the battery voltage in the parallel flash unit circuit and E(p) is the
value oprp{ which is required to fire the first of a series of n impactors.

by, by, b, and b; represent the resistance of four individual impactor valves.

Ry is resistance of leads (of length D) to lowest impactor (no. 4) or '""resistance
to base altitude" (Fig. A;).

r is resistance of leads (of length d) betw:en impactors (impactors equidistant
from each other).

After by has flashed, a three-impactor circuit is present:

Ey - 0.381 + Ry (0.3+ 0.368 + 0.381r )

1.615 + 3,82r + r?

where R, - resistance of leads from battery to first unfired impactor remaining in
the sequence (or Ry = Ry + r).

After by and b have flashed, a two-impactor circuit is present, and

r+l.2?

where R, now equals the resistance from batteries to first unfired impactor
(or Ry - Ry ¢+ r = Ry + 2r) and finally, after b,, b, and b; have {ired

E, 0.381 + R, (0.3 +—9'—3-8—’-)

E, 0.381 + 0.3 R,

where R, equals the resistance of leads from batteries to remaining impactors
(or Ry - Ry ¢+ r = Ry+2r Ry 3r)

.. ————— N — e e
~ . : AT RPN,
3
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H = base altitude
h = inter-impactor height

D = battery-to-first-impactor
distance = H csc @

d = inter-impactor distance =
hcsc 0

*The battery is usually placed on

D = base distance the ground (or reel base) under the
tethering line so that D extends
essentially directly to the ground.

d = inter- impactor dirtance

K s base altitude = R ein ¢

h = inter-ixpactor height - rsin ¢

Figure Al. Illustration of the distance

parameters involved in calculating volt-

ages for operating impactors from a
moored balloon (blimp).

Eq, Ey, E; and E; can be used to determine the voltage required to fire the
first of 4, 3, 2 or 1 impactors in parallel. In each case, however, in calculating
minimum required voltages for a given number of impactors, calculations must

also be made for each successive stage as impactors cut out of the circuit, i.e.,

in the example given, E,, E,, E; and E; must be compared and the largest value

of voltage will be the minimum voltage required to fire the entire sequence of
impactors, This is necessary because, as the distance between impactors

increases with respect to the base distance, the division of current between impactors
shifts with sequential firing so that the maximum voltage may be required during
firing of an intermediate impactor instead of being determined by either the initial

or final firing conditions.

\.
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i Table Al. Minimum voltages, sclenoid units in SERIES.
% Base distance D and inter-impactor distance d in feet

or in meters as specified

i i
R

No. of solenoid units (n)

1 2 3 4
volts volts volts volts
D+3Xd 0 7.7 15,4 23.1 30.8
5m 7.8 15.5 23.2 30.9
10m 7.9 15.6 23.3 31.0
50! 8.0 15,7 23.4 31,1
20m 8.1 15.8 23.5 31.2
30m 8.3 16.0 23.7 31.4
100! 8.4 16,1 23,8 3i.5
40m 8.5 16.2 23.9 31.6
150! 8.7 16,4 24. 1 31.8
50m 8.8 16.5 24.2 31.9
200! 9.0 i6,7 24,4 32.1
190m 9.1 16.8 24.5 32.2
150m 10.9 18,6 26,3 34.0
500! 11,0 18,7 26.4 34.1
200m 12.0 19.7 27.4 35.1
1000! 14.3 22,0 29.7 37.4
1500 17,5 25.2 32.9 40. 6
2000 20.8 28.5 36.2 43.9

Table AIl. Minimum voltages, single flash unit. Base
distance D in feet or in meters as specified.

d=0
D 0 .38
1ot 0.41
1 gm 9. 56
ioQ? Q, 94
S5um o3
200! 1.5
100m 2.2
150m 1.1
suo! 1.4
200m A1
750! 4.6
1o0Q? 6.0
1289 7.4
& 1500 8.8
. 17%0! 10,2
! 2oou! 1.6
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Base distance D and inter-impactor distance d in feet

unless meters is specified.

5m

Minimum voltages, two flash units in PARALLEL,

Table Alll
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Minimum voltages, two flash unite in PA™ LEL. Base distunce D and inter-impactor distance d in feet
unless metcrs is speciiied.
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Base distance D and inter-impactor distance ¢ in feet

unless meters is specified.

Table AV, Minimum voltages, four flash units in PARALLEL.
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