UNCLASSIFIED BNWL-SA-4716

ot 73093é--/(

ATRBORNE MEASUREMENTS OF THE SIZE DISTRIBUTION
AND THE CONDENSATION AND ICE NUCLEATING ABILITY
OF PARTICLES PRODUCED BY AgI CONTAINING
PYROTECHNICS AND ACETONE SOLUTION BURNERS

by

A. J. Alkezweeny and L. F. Radke

Oral Presentation at
Eighth International Conference
on Nucleation of the IAMAP (ICCP)

Leningrad, U.S.S.R.

and

for publication in the Proceedings

August, 1973

BATTELLE-NORTHWEST
Battelle Memorial Institute
Pacific Northwest Laboratories

Richland, Washington

This paper is based on work performed under U. S. Atomic Energy. Commission i
Contract No. AT(45-1) 1830

NOTICE

This report was prepared as an account of work
sponsored by the United States Government, Neither

the United States nor the Uniled States Atomic Energy

Commission, nor any of their employees, nor any of

their contractors, subcontractors, or their employees, %
makes any warranty, express or implied, or assumes any \

legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,

product or process disclosed, or represents that its use ‘ DISTRIBUTION OF THIS DOCUMENT 'S UNL“V“TE/b

would not infringe privately owned rights, ]




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



. UNCLASSIFIED ' - BNWL-SA-

TITLE
by

AUTHOR
Atmospheric Analysis Section
'‘ATMOSPHERIC SCIENCES DEPARTMENT

Oral Presentation at

For Publication in

Date

' BATTELLE-NORTHWEST
~ Battelle Memorial Institute
Pacific Northwest Laboratories
" Richland, Washington

This paper is based on work performed under U. S Atomic Energy Commission '
Contract No. AT(45-1) 1830

“"Ba‘tt'étl'le ie not engaged in research for advertising, sales promotion, or
publicity, and this report may not be reproduced in fuZZ or in part for
' such pu.z'poaeb'




Airborne Measurements of the Size Distribution and
the Condensation and Ice Nucleating Ability of
' Particles Produced by Agl Containing Pyrotechnics

and Acetone Solution Burners

by

A. J. Alkezweenyl and L. F. Radke2

ABSTRACT

Airborne measurements using two aircraft were made of the size'distribution_and
‘nucleating acti;ity of particles generated by both AgI pyrotechnic flares and Agl - NHuL.
| acetone solution burners. I£ was found that the pyrotechnic flares produced particlgs
generally larger than 0.1 um in diameter which were good cloud condensation nucléi.
Particles produced by the AgI - acetone solution burners were less‘than 0.1 ym in
diameter and, by comparison with the pyrotechnic flares in terms of mass of Agl consumed,

relatively inefficient both as ice nuclei and cloud condensation nuclei.

lBattelle Pac1f1c Northwest Laboratorlesq Rlchland wa. ' - .

2Dept. of AtmOSpherlc Sc1ences, UnlverSLty of Washlngton, Seattle’ Wa.



1. .IntroductiQn

i HIanppears from both theoretical studies and experimental‘measurements that the
ice hﬁcléating ability of a particle is dependent upon its size and its ability to act
as.a céndensationnnucleus in addition to other physical and chemical factors. Previous
measurements.of the size distribution ﬁave been conducted in the iabépatory. However,
fhe size distribg%ion of aerosol particles produced by a generator mounted on an
aircraft migﬁf'be quite different from that produced by a ground-based generator since
the degree of coagﬁiation depends on ventilation. In the case of generation from an
aircraft the airspeed, mechanical turbulence, and wing tip vortices will dictate the
"degree 6f coagulation. Previous workers have attempted to simulate these conditions:
. in épecial wind:tunnels'(Steele and Sciacca, 1966; Mossop and Tuck-Lee, 1968; Dpnnan;
et.al., 1971; and Gerber and Allee, 1972). However, Dingle (1969) in measufing theﬂ'~jm¢;f
size distribution of pyrotechnically generated InCl3 particles found that the size- o
distpibution measured in a wind tunnel was significantly different from that measured
behind the "prop-wash" of a stationary anchored aircraft. Therefore, to more completely'
understand the nature of AgI aerosols produced from airborne generators it is clear ‘
that the size distribution 'and nucleating activity of the paiticles should‘be determined
‘with airborne instrumentation.

In this report, data are presénted on the particle size distribution and CCN

activity of two differéﬁt ice nucleus generators which'wefe mounted on an aircraft and
~ operated in flight..

2. The experiment

Yo

The.iée nucleus génerators Wére'mquntéd.ﬁﬁdef the wings‘of the Battg}le Cessna
uii aircrafty.,Oﬁe_generatqr.prodﬁéed*icé nuclei by:means of.pypdtécﬁﬁic Agl flares -
“(Cbissaﬁ Qi#fﬁfé’CSP-boéxjiéﬁ&ffﬁe;dtﬁér ggﬁeratof was a Agl - NHuiiacétQAe solﬁtion
; bﬁrﬁér (fhé‘ﬁixtﬁré used wéé.;iﬁilaf to that described by Henderson;ﬁ1972; see Table I).

Yo



‘ Measurements on the effluents from these two sources were made from the Unlver81ty
“‘of Washlngton s Douglas B-23 research alrcraft The two aircraft were flown in
precision formatlon at constant altitude and airspeed separated by about 800 m. Each
exéeriment was carried out in a region of air with a low and fairly stable aerosol
~ content. | |
. The_B~2é carried its'ncrmal sfate parameter instrumentation (see Hobbs, éﬁ.él:’:i
‘:19%1)'and also the following instruments for aerosol measurements:
| '(l) An automatic CCN counter (Radke and Turner, 1972) onerated at
0.5 per cent supersaturation.
(2) A continuous ice nucleus counter (Mee Industries, 1972) operated
at -20C.
f(j)_UAn optical partlcle counter (Royco, Model 220) w1th a sample flow
rate of 0.5 £ sec -1 and capable of 81mu1taneously sizing particles
AlKezweonn (173
in the range of 0.3 to 5 um diameter,v This counter was equipped with
a premixing chamber and dilution'system to prevent coincidence counting
when measuring concentrated aerosols.
i(u)”"A Wnitby aerosol analyzer, which was a commercial version Qf.the ion
mobility analyzer described by Whitby and Clark, 1966 (Thermo Systems,
- Inc., Model 3000). In principle, this device is_Capabie of measuring
the aerosol number spectra from 0.015 - O.S,nm diameter,
(5) An integrating nephelometer (Charison, et al., 1969) which has been
shown nyzﬁnsor, EE.El:’ (1972) to measure the total light scattering

of particles larger than 0.1 um diameter.

It was found 1n prellmlnary experlments that the plume generated by the pyrotechnic
flares attached to the Cessna U411 was not mixed by the wing tlp vortices when the “two -
aircraft were separated by up to 1 km. The cross section of the plume was visually

"estimated to be 2-3 m in‘diameter which was far too small for the B-23 to remain




’

:centgrea ih<for the.desired 5 minute intervals.: Convolution of the plume by
ihhomoéeﬂeities'ih:atmosphefic motions pfg?ented.increasing the distance betWeeﬁ the
;;twb airgpaff'muéh béyond l.km. This problem was éolved‘by applying 15? of control
;. fla? oﬁ'fhenCessna whicﬁ resulted in a plume'approximately 20 m wide at 0.8 km
'sepabétion (the Cessna wingspan is 13 m). Because the plume from the gcetoné burners
was almost invisible it wés assumed that it Eehaved idenficélly to-the pyrotechnic
§IUme.. _

3. Results and discussion

The‘fifsf.full-scale experiment was conducted on September 28; 1972, at an
altitude of 1,600 m MSL, just’éast of Dungeness, Washington. This location is west
of most sources of continental pollufion and the background concentration of less thaﬂ
100 CCN cm™2 suggests that the aif was of essentially marine origin.” The concentration
of pafticles larger than 0.3 um diameter was very IOW,-less.thanipm3 2-1. Fig. l‘
shows‘the.coﬁcentrations of-CéN active af 0.5 per cent supersaturation, the aerosol o
' iight scattering coéfficient, and the measurement of the turbulenx energy produced'byA
-the Cessna during a portion of fhe run.  The background aerosol is seen to contribute
less than 5 per cént.ofAthe'aeroéol.measureméntsuin the plume from the pyrotechnics;

" During practice runs behind the Cessna with no particle generators operating the .

- ‘exhaust aerosol was found. to cause only a slight increase over the background aerosol

'~:'éoncéntrations. ‘These results sﬁggest that the pyrotechnically produced particles are

bofh‘effectiﬁe CCN énd a substapfial'porfion of them are larger.than 0.1 um.
Fig. 2 shﬁws size measurements of the Agl particles pféduced by the pyrotechnics\
.over the rangé of 0.015 to 5 um averagea over the entire sample. These data are
'..contbasted with a pyrotéchnic (LW-83) burned in a wind tunnel and measured with a .
similar instrumentation system (Grant, 1971). Since these pyrotechnics are not identical
and the tunnel dilufion factor is uncertain the compérisons.are_only suggestive, but

they suggest, on the basis of slope alone, that the byrotechnic burned on the aircraftf

may produce more small particles and fewer particles lérger-than 0.3 uym-diameter.



The secopd experiment was made on October 5, 1872, at 2300 m MSL over the San
- Juan Islands in the northwestern portion of Washington State. Duriﬁg this éxperiment-

‘the Agl - NHHI - acetoné solutions were burned first énd then the pyrotecﬁnic flares.

Thé aerésol generated by the acetone burners was virtually invisible. - The most practical
'waQ of remaining in the plume was by monitoring the turbulence indicator and by the o
;ﬁféél" of the Cessna'é turbulence on the B-23 control surfacés. Fig. ﬁ shows the y
' : c§nééntration of CCN and fhe.light SCatfering'coefficient during the first penetrétion
fﬁAAf the i per cent Agl - acetone plume. As can be seén the aerosol background was
some%hat highér than in the experiment described aBové. The intégrating nephelometer
confirmed our visual observation of a nearly invisible plume and did not detect it.
 Similarly.the Royco optical counter showed essentially no change with the output
3»rémaiﬂing ﬁithin the instrument's noise level. These results strongly suggest that
.virtﬁally all of the aerosol from the Agl - NHuI-- acetone generator were less than

0.1 um diameter. However, aespite their small apparent size, they are moderately
efficient CCN. ' The CCN concentration approxiﬁately déubled during penetration of the
plume:. Similar wind tunnel measureménts.ﬁsing a generator developed by Davis (Grant,
';971) and.éisolution intérmediate with ours tS per cent Agl by weight) shows very much
';; iafgéfféé;fiéles:with more than 30 per cent of the aerosol being larger than 0.1 ym T
S '&iameter, . v . . | . . : ' . o //

o Besides the much smaller size and reduced acfivity as CCN (per gram.of Agl ~ o B}
dispensed) the NHuI complexed Agl - acetone solution used in this experiment produced
fewer active ice nuclei at -20C. Since tﬁe Mee ice nucleus counter lacks careful
cdmparativé documentation with other ice nucleus counters ;nly the relative concentrations
per gram of Agi are given in Table 1. The results of four experiments made between
'“i§231and 1522,on‘0ctober 5, 1972, are listed.
| These data show a very satisfactory degree of experimental consistency between

the two pyrotechnic'flaie experiments and the surprising result that the pyrotechnically

produced AgI was approximately four times more effective as an ice nucleus at -20C



than the lvpgr cent Agl solution burner and ébqut 36 times more effective than the
‘same bufner using an.acetone solution containing 10 times as ﬁuch AgI. The greafly
" reduced 6utpuf‘fbom tﬁe high concentration Agi solution cannot be readily explainéd;
Postfligﬁt examination of the stainless steel solution tanks suggested.that part of '
the explanation might lie in the relative stability of the two solutions sincé the
high concentration tank showed signs of silver loss to the tank walls. However, it -
is doﬁbtful that this could account for the entire difference. Other workers also
appear to have éuccessfully‘uéed-similar‘solutions up to 25 per cent by weight i
(St. Amand, et al., ié?l); although Davis:and'Schléusener (1972) noted fhe heavy -
-formation of a silver_containiné precipitate in 10 per cent solutions after a period
'of storage in the generator tanks.
The data also show that the CCN production from the flére experiﬁents,'when'
"ﬁorhalized for the émounf of AgIl cdnsuﬁed, Qas_about a factor of 10 greater fhan the
-;ul per cent Agl - acetone solution tests (unfortunatély a power failure invalidated
thé CCN data'during the 10 per cént AgI ; acetone'expefiment). ‘$ince both generation
systems are infended to produce essgntiaily pure uncompiexeé AgI (the pyrotechnic AgIl
‘aerosol also contains yarious amounts of fairly insoluble metal oxides) it appears
ks brobébly that the diffe;ehce in CCN activity is iargely due to the relative sizes of
the aerasol.
4. Conclusions -
From the rather limited set of measureﬁents deséribed above a number of tentative:
conciusions.can be drawn concérning‘theée partiqular pértiple generators:
(l),,The Agl partiéles produced pyrotechnically in this airborne system
) | 'léée on order of 0.1 um diameter. _
:ii" ﬂ/ t?) ~"I‘he Agl flare aerosol is‘shfficiently large that despite their inéolublg://};”’
composition a significant portion are cloud condensation nuclei at 0.5
per cent supersaturation. This result suggests that many of these ice

nuclei must act as freezing nuclei rather than as contact or sublimafion_ s

‘nuclei. .



l(3) The partieies(proauced from the combusribn of fhe AgIl-'NHu; solution
| in acetone are smaller than 0.1 um_diameter and the nnmber of CCN
brodueed per gram of.AgI'COnsumed.is about a tenth of that of the
AgI pyrotechnic flares. | |
';(M) The -particles produced by the AgI - NH I - acetone generator did not act"
‘”".‘xas very eff1c1ent ice nuclel in the the Mee ice nucleus counter.
. '(55. While the size intercompariSOns.between wind tunnel and airborne L ‘///”’/
| ‘measurementa are probably not strictly va}id due to differences in B ..:u -
- burner design and pyrotechnic- composition they suggest that‘thejairborne
produced Agl is aubstantially smalier'than the aerosol produced in

wind ‘tunnels designed to simulate airborne conditionms.
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 TABLE |\

. Experiﬁeﬁt : 4Type bf AgI ' Production Relative Ice Nucleus
' "Generation Concentration per
o ' gm of AgI at -20°C
| Pyroteghnic . 16 gm/min, 37.5
- flares
2 Pyroteghnic 16 gm/min. 34.8
o - flares ‘
- 3 AgIl solution 33 gm/min. 8.3
burner (low .
concentration)
y Agl solution 330 gm/min. 1.0
burner (high
concentration)

*®

600-001.

5% Lich3 and 6% plastic resin binder.

£33

A mixture in the ratio of 100 gm AgI, 31 gm NH
CH3000H3 ( an approximately 1% solution of AgI).

Colspan Environmental Systems, Boulder, Colorado. Mixture CSP-009A, Type
A mixture by weight of 17% AgIOa, 50% NH

uIOa, 15% Mg, 7% AR,

I, 11 gm H20 and '13.5 £

+All proportions of above increased by 10 except the acetone.

°
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