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ABSTRACT

The results of 91 resolutions of polydisperse aerosols produced and stored
in a large gasometer using the Exhaustion Method are given and discussed.

Details are given of the equipment required and of the method employed.
The interpretation of the results obtained is illustrated by numerical and ac-
tual examples.

To facilitate the application of the Exhaustion Method all necessary com-
putations for the size analysis of three examples are compiled in the Appen-

dices.



INTRODUCTTION

In the course of various experimental investigations ('»2:3:%) in which
the average radius of the condensation nuclei of a stored aerosol was re-
quired, we have carried out numerous particle size analyses of polydisperse
aerosols using a diffusion battery and the tExhaustion Hethod'(5 s Since
these analyses enable one to study the dependence of the heterogeneity of a
stored aerosol on the mode of production of the nuclei, their age and concen-—
tration, we are publishing in the following the results of 91 resolutions to-

gether with a detailed discussion of the method employed.

THE DYNAMIC METHOD

Homogeneous Aerosols — This method of determining the diffusion coeffi-

cient of condensation nuclei was devised by the late Je. Jo NOLAN and
Yo He GUERRINTI (9). The first correct solution of the underlying dif-
fusion problem was given by C. H. BOSANQUET. His formulae were
Pt aanfiieed. bs Poa. moRNEE 1% and pederived by W-
De MARCUS & J.W.THOMAS (") in 1952. The coefficients in the
formulae of all the authors mentioned agree very closely and can be accepted
as correct.

In the dynamic method the nuclei are passed through a tbox! containing a
number of vertical rectangular channels arranged in parallel. This diffusion
apparatus originally called diffusion box is now known under the name diffu-
sion ba.ttery("). The theory as developed by the authors mentioned above,

assumes that the air-flow is parallel to the length of the channel and that
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there is only one diffusion coefficient of the nuclei or, in other words,
that the aerosol is homogeneous with respect to particle size. Farther as-
sumptions are: All particles which contact the wall of the channel adhere,
the effect of turbulence in the entrance to the channels is negligible, the
pressure drop across the battery is small and the diffusion of the particles
is not affected by electrostatic charges on the particles or battery waJJ.(").

The nucleus concentration Z at the entrance of the channel and the con-
centration Z' at its exit are measured. The ratio of these concentrations
Zv/ Z 4is related to the diffusion coefficient D of the nuclei, the volume
of the aerosol (air containing the nuclei) q passing per second through each
channel and the dimensions of the channel ( L = length, b = height and
2a = width) by the following formula

Z,/Z = 0°9099 exp (-x) + 0°0531 exp (-11°369x) ... (1)

x = 3.77 LD ‘-1 q_1 eve (2)

If ¢ is the number of chamnels in the diffusion apparatus, the volume

of the aerosol passing per second through the diffusion battery Q = cq and

- 3.77 belD .—1 Q—1 soe (3)
or
X = D/fQ s (l")
where
£ = 3rgpt 1 1 -1, ees (5)

If we assume x of such value that the second term in Equ.(1) can be n
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glected
z,/Z = 0°9099 exp (-x) ees (11)

Up to 1955 the air-flow Q through the diffusion box was usually adjusted
in practice so that the ratio Zv /Z had a value of between O°7 and 0°2 and the
duration of a complete experiment was not unduly long (“’).

It has been shown (6) that within the range of 1 to 4 litres/min air-flow
a change by 1 litre/min alters the diffusion coefficient by roughly 12 %.
Since for the technical reasons mentioned above during one experiment adjust—
ments of the air-flow by two litres/min were not uncommon up to 1956, the dif-

fusion coefficient may be wrong by 25% of its value for this reason alone.

Heterogeneous Aerosols — In 1955 PO L L AK and his co-workers dis-

covered a marked dependence of the apparent diffusion coefficient D on the
air-flow Q through the diffusion apparatus (°?7) as determined with the dif-
fusion battery, using GORMLE Y's formula. They found a regular and
Systematic increase of D with increase of Q.

This apparent increase of the diffusion coefficient with increasing flow
rates had been found previously and the observation published in 1955 (’2"3)
but the publication came to our notice only in 1957.

METNIEKS deduced fron GO RMLE Y's formula that such an ef-
fect must appear when the aerosol is heterogeneous with respect to particle
Si%€. POLL A K in turn recognised the potentialities of this explanation
and suggested the 'Exhaustion Method?(’) which is similar to the determination
°f hidden Deriodicities(15 Y

The influence of heterogeneity on the determination of the diffusion co-

®fficient by the dynamic method was investigated numerically for polydisperse
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aerosols consisting of a mixture of components without (°) and with various
Gaussian particle size distribution (8).

The theory of the dynamic method for heterogeneous aerosols as developed
quite generally in Ref.5 gave the following results.

(1) The diffusion coefficient D of a mixture of nuclei depends on the
air-flow Q and also on the dimensions of the diffusion apparatus used.

(ii) If we measure by the dynamic method, for different air-flows, the
diffusion coefficient D of an aerosol containing a mixture of condensation
nuclei of various sizes, then the graph representing D as a function of Q in-
tersects with the ordinate (D) axis at a value D, which gives the smallest
diffusion coefficient in the mixture.

(341) With increasing air-flow the apparent diffusion coefficient ap-
proaches the weighted average of the component diffusion coefficients, the
weights being their partial concentrations.

(iv) The apparent D as measured by the dynamic method is always smaller
than the arithmetic mean of the diffusion coefficients of the components and
only for infinite air-flow does it approach the weighted mean.

(v) The apparent diffusion coefficient of a mixture of nuclei as deter—
mined by the dynamic method, particularly when low air—flow is used, has 1lit-
tle meaning.  The same apparent diffusion coefficient can be found with the

Same air-flow for mixtures of nuclei having completely different p %
centrations and siges of their components.

RESOLUTION; OF HETEROGENEQUS _ AEROSOLS

EXHAUSTION METHOD

—_———————

Procedure -~ This method assumes a polydisperse aerosol with an unknown
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number of components and makes no assumption regarding their number. The res-
pective (partial) concentrations of the components are Z(i), their proportions
p() anq aiffusion coefficients (1),

We have measured the apparent diffusion coefficient for various and parti-
cularly for low air-flows. Then, as mentioned above and proved in Ref.5, the
measured D converge towards D' 3i.e. the smallest diffusion coefficient in the
composite aerosol, when Q approaches zero. The intersection of the curve re-
presenting the measured values of D as a function of the air-flow Q with the
ordinate (D) axis or a calculation of the ordinate in the origin gives Df.

For determining the p! of this aerosol component with the lowest diffusion
coefficient (or the largest nuclei) we use Equ.15 deduced in Ref.5

pt = exp (-D/£Q) : exp (-Dt/£Q) V... 66)

Equ.6 is valid only for sufficiently small values of Q and on the assump-

tion that none of the p'i) is infinitesimal.

Now, we remove this component (D', p?) from the measured Zv/ Z values,
treating the remainder as the new z, /Z from which we compute a set of new va-
lues of D which we call D*. These new diffusion coefficients D* are plotted
s a function of Q, from the intersection of which with the ordinate axis we
obtain Dpr,

In order to compute the D* values, we form

g -28)/(z - 21) = 09099 [exp (-D/1Q) - P exP (-pr/£)]: (1 - p")

= 0°9099 exp (-D*/ Q) -ee (D



which take also the second term
or, in practice, we use tables for Zv/ Zvs x

into consideration.
With Equ.(6) which now reads

P*" = (1 - p?) exp (-D*/£Q) : exp (-D"/ £Q) cesifa)

we get p" and so on.

Numerical Examples - (i) Heterogeneous aerosol containing three compo—

nents. In Ref.5 the exhaustion method was applied to a composite aerosol
made up of three components with equal concentrations p* = p" = p' = 0°333
and with the corresponding diffusion coefficients Dt — 20, D" = 100, D¥ =
200. it The constant f of the diffusion apparatus was assumed to be 46°25
(Diffusion Battery No.1 of the School of Cosmic Physics).

The resolution gives

DY = 20, p' = 0°333 (from Equ.6 for Q = 0°2)

D" = 99, p" = 0°341 (from Equ.8 for Q = 0°5)
D™= 207, pm= 0°326

the
The calculated diffusion coefficients agree very well indeed with

ound
'observed?, the maximum difference being 4%. The partial concentrations f

ents
by the exhaustion method approach the actual proportions of the compon

within 3%,

® The diffusion coefficients are
radii without the factor 1076
teries without the factor 10

) 2 the
given without the factor 10 (em™/: SGC)’b‘t-
(em) and the constant f of the diffusion



A1l computations required for the construction of the composite aerosol

and its resolution are given in Appendix I.

(ii) Heterogeneous aerosol containing nine components with Gaussian dis-

tribution of their concentration. We assume a composite aerosol of Z = 10000

nuclea:i./cm3 and nine components as defined in Table 1. The average diffusion
coefficient of the aerosol D = 220, the average radius r = 0°856.

Two somewhat different analyses gave the following results.

A.l’__lﬂ&": Dt = 42 DNt = 155 Dt = 301

p' = 0°020 p'" = 0°503 p™ = 0477

D = Dtp? + Dwpn + Drpm = 222

= rfp? + riph 4+ rMpt" = 0°860

H|

w: Dt = 62 D" = 140 DM = 259

p* = 0°020 p" = 0°302 p™ = 0°678

D = 219
T = 0°857

We see that using the Exhaustion Method for the analysis of an aerosol
containing nine components with approximately Gaussian distribution of their
foncentration, we obtain only three components, even when the D-values are ac-
irately known. Thus, the Exhaustion Method is a numerical spectrometer of
limiteq resolution power. We must, therefore, expect that an actual aerosol

%% in general be resolved by this method into three components only.
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Table 1 - Heterogeneous aerosol containing nine components

with Gaussian distribution of their concentrationy Z = 10000 nuclei/em3 <

i 1 2 3 4 b 6 i 8 9

60 | 100 | 140 | 180 | 220 | 260 | 300 | 340 | 380

z, 140 | 475 |1170 |2010 |2410 |2010 [1170 | 475 | 140
p; =2, /2 (B 1°40| 4°75[11°70|20°10|24°10|20"10[11°70| 4°75| 1°40
M, .10% em  [2400 {4000 |5600 |7200 |8800 |10400|12000(1360 |15200
ry -10% em  [1°605|1°229|1- 034 *9087 | 8200 - 7549 | - 7020 - 6588 | - 6210

755 Py r;  |"0225|-0584[*1210|“1826 (1976 | 1517|0821 |*0313 |- 0087

Notes:
(1) Mobility M, = 40 D,
(11) r; from tables Radius vs. Mobility in Geophys. Bull. No.19
of the School of Cosmic Physics, Dublin (Ref.17) for 20°C
(iii) The averages of D and r are

D i
D 700 }31:15_13i = 220

"l
]

% Zp,r;, = 07856

Since these three 'bandst replace the nine original components, they

lump them together. From these few bands 5 found by the Exhaustion Method,

We compute, however,

average

the same average diffusion coefficient D and the same
radius r as from the original components. The numerical example
above

shows that the agreement between the D and computed from the Dand T
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found by analysis and calculated from the D and r of the original aerosol is
better than 1%.

Fig.1 illustrates the situation. It shows the histogram of the frequen-
cies Zi vs the diffusion coefficient Di . 106 of Table 1, the ogive (cumulative
frequencies) of the Zi s the ogive of the three components found by the Exhaus-
tion Method and the histogram of these components. This histogram which is
determined by the histogram of the original Zi and their ogive, shows how the
original frequencies are lumped together by the components obtained by the an-
alysis.

In Appendix II all computations required for the construction of the con-

posite aerosol and its resolution are given.

Actual Example -~ (i) Equipment required: A photo-electric nucleus coun—
1301'(16’ 18) without or with compensating circuit for measuring very low concen-
trations of condensation nuclei.

A diffusion battery preferably one without end-pieces or connecting tu-
bing(zo)- The elimination of the end-pieces and connecting tubing removes
any end-effect and diffusion losses in these parts of the diffusion battery
and reduces the volume of the diffusion apparatus to that of its channels,
thus minimising the lag in the response of the battery.  Since the volume of
the fog-tube of a photo-electric counter with 2°5 cm air-column diameter is
only 288 “"13, a battery without end-pieces shortens the filling operation so
Mch that air-flows down to 0°2 litres/min are possible without unduly
lengthening the measurement. These low air-flows are particularly valuable
In the application of the exhaustion method for the size resolution of poly-
disperse aerosols.

. « I & IIT and
The diffusion batteries used in this investigation were: Nos. I
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BWE 1 (G.E., Schenectady). Particulars of the batteries together with the
range of D for various Qfs for zv/z within the limits 0°675 and 0°25 are
given in Table IT. In the Exhaustion Method values of Z_ /Z as small as
0°01 proved useful and indispensable.

(ii) Artificially produced aerosol stored in large gasometer — The nu-

clei used in this experiment were produced at Sh 35m by heating a nichrome
wire helix mounted on a pyrex glass tube in the centre of a Mylar balloon of
4200 litres content with 4°20 A for 60 sec.

In Table IIT (a) the actual measurements are compiled and in Table
IIT (b) are given the Z & Z _ readings interpolated for 11h 53m from graphs of
the original measurements (Table IIT a)e These values form the starting
point of the resolution and are transferred to Cols.i to 3 in Appendix IITI A.

Appendix IIT shows all details of the resolution which gives

Bt = .26 . p? = 0°050
D" = 300 , p* = 0°592
D™ = gi0 , p" = 0°358

and average radius of this aerosol r = 0° 690 » 10-6 cm.

RESULTS OF 91 RESOLUTIONS OF POLYDISPERSE AEROSOLS

produced and stored in a large gasometer

In Table IV are glven, arranged according to increasing average radius,
t
he results of our resolutions of polydisperse aerosols, produced and stored

in
a large rubber or metallised Mylar balloon gasometer, up to 20th February
1962,

Tie i



Table IT - Particulars of diffusion batteries.
it . = 3 e s
Plates Glass Glass Metal
Separators Cardboard Cardboard Metal
L cm 50.2 40°0L 50°0
b cm 8°0 19°07 7972
2a cm 0°08y 0° 0466 0°0529
c 10 30 5
Constant 277405 . 1076 2°69804 . 1077 3°52028 . 1070
Volume (em>)
(i) Channels 337 1067 80
(ii) End-pieces 318 2515 o
(1ii) Total 655 3582 80
D.10° D.10° D. 10®
¥ 2, /2 |2,/2 | 210827 % |2, /% | 20.108| % /% |2/ 2 | £q.10°
(litres/min) | =0"675|=0"250 =0°675|=0°250 =0°675| =0°250
x=0°"3[x=1"3 x=0°3|x=1"3 x=03|x=1"3
95 6°9 | 30°1| 23°117] o0°7 | 2°'9 | 2°248| s8°8| 3871 29°335
1°0 13°9 | 60°1| #6°234] 1°3 | 5°8 | 4°497| 17°6 | 76°3| 58°67
2°0 277 | 12072 92°448 2°7 | 11" | 87998 352§ 152:5] 117°3%
30 41°6 | 180°3|138°702| 4°0 | 17°5 |13°490| 52°8 | 228°8| 176°01
4o 55°5 | 240°4|184°937| 5°4 | 23°4 |17°987| 70°h | 305°1| 234768
5°0 69°4 | 300°5(231°171| 6°7 | 29°2 |22°484 | 88°0 | 381°L| 293°35
il 97°1 | 420°7|323°639| 9°4 | 40°9 |31°477| 123°2 | 533°9| 410°69
10°0 138°7 | 601°0|462°342| 13°5 | 58°5 (44°967| 17670 | 76277 586°70
14°0 194°2 | 841°5|647°278| 18°9 | 81°8 |62°954 | 246°L [1067°8| 821°38
200 277°L |1202°0|924° 684 27°0 [116°9 |89°935| 352°0 |1525°4 (1173740
e ——

Notes:

(1) D = x.Const. 1000/60(for Q = 1 litre/min)

(ii) D=xfQ

PIRPE € e




Table IIT - Measurements with diffusion battery BWE 1 (G.E., Schenectady)
on 21 January 1962.

(a)
Counter of BWE 1 .Count.er of BWE 1
Time Q Reading Time Q Reading
% z_ zZ zZ
h m |litres/min % % h m | litres/min %
11 36 20 546°3 12 21 20 54°1
38 20 L6°9 23 20 60°6
50 20 54°2 25 10 65°5
42 10 59°4 27 5 727
INN 5 68°1 29 20 56°0
46 20 48°3 32 2°5 81°7
49 25 78°1 36 1 91°2
53 1 89°5 42 0°5 93°1
59 0’5 92°4 b, 20 58°0
12 01 20 51°0
()
Counter of BWE 1
Q Interpol. Reading for 11h 53m
Z z_
litres/min L9°5
o°s5 92°3
1 89°5
2°5 78°5
5 69°1
10 61°1
20 56°2
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Up to the 1st December 1961 the nuclei used were produced by heating a
length of nichrome resistance wire (a helix of a few turns) suspended in the
axis of a Tufnol *'boat' which is mounted approx. in the centre of the gaso-
meter. The nuclei, therefore, contain an admixture of burned Tufnol.

After the 1st December 1961 nuclei were produced by heating an identical
helix of nichrome wire mounted on a pyrex glass tube. Nuclei of high concen-
tration generated in this way require very much longer heating duration and
their size is small.

In all experiments with serial numbers 6 and more the nuclei after pro-
duction were diluted with filtered air to ensure good mixing in the balloon
gasometer and to slow down decay. In the experiments with serial numbers 1 to
5 the dilution with filtered air took place during the production of nuclei in

order to obtain very small nuclei.

In the Column headed ?Time! (Production of Nuclei) the hours shown refer
to the corresponding day given in Column 'Date! when positive, to the previous
day when negative; e.g. for the experiment on 20th October 1959 (Serial Number
74) the nuclei used were produced on the 19th at 1700, therefore in the Column
'Time! of the production of nuclei is entered -7 hrs.

With regard to the accuracy of the resolution results it should be noted
that there is o certain latitude in the extrapolation to zero air-flow in de-
termining the DY and D" and in the interpretation of the graphs. Two examples
Selected at random and reproduced below (page 24), are intended to show that
in spite of this, two independent analysts can arrive at essentially the same
Gomponents,

The agreement of the average radius r is particularly good.
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Table IV - Resoclutions of

polydisperse aerosols

] Production of Nuclei Nuclei Components of Aeresel
Bo. Date Diffusion Coefficient
Time| Current|Duration| Age|Concentration| . l D | Do | prene
h A sec h z D(i) - 1 p
1 |24- 4-61| 10°0| &4°90 30 4°6 973 500 [1800
2 27- 4-61| 10°0 4°80 150 L°6 2854, 1200
3 28— L-61 9°s5 4°80 900 56 3160 200 620
I 28— L-61 9°5 4°80 900 6°3 2592 210 620
5 |28-4-61| 9°5| 4°80 | 900 6°9 2147 210 | 620
6 13- 2-62 9°6 L°25 120 1°9 11682 25 335 895
T 21- 1-62 96 4°20 60 23 11492 26 300 840
8 6— 2-61 14°3 L°70 12 1°9 24871 180 550
9 [13-2-62| 9°6| 4°25 120 2°6 6912 29 320 785
10 | 4-9-61| 9°5| 4°85 25 2°y 10972 30 | 220 | 400|800
11 |21-1-62| 9°6| 4°20 60 3°0 6984 20 300 720
12 110- 2-61| 10°2| 4°75 12 2°3 13370 100 270 600
13 | 1-3-61| 9°6| 4°90 15 1°7 20811 35 | 150 | 300|606
1 18- 861 97 4-90 25 2°3 27295 80 | 250 | 790
15 |20- 2-62| 9°9| 4°25 | 180 2°1 18852 58 | 279 | 900
16 |21- 8-61| 9°9| 4-90 25 2°1 32330 60 | 190 | 399
17 | 2- 7-59| 97| 4°95 5 2°3 7700 8o | 280 | 560
18 [|16-2-62| 95| 4°25 | 1a0 2°5 12154 69 | 256 | 74O
19 | &3] 96 a90| 18 |17  z2mm 50 | 180 | 334
20 |30- 8-61| 10°¢| 480 | 35 1°9] 31489 60 | 170 | 350
21 | 3-2-62| 9'5| 430 | 210 2°0 17764 7h | 259 | 850
2 120-2-62| 9°9| 4°25 | 180 2°9 11118 52 | 260 | 950
213. fz: :‘::; 12:(6) ::(5) 30 2°9 21203 L0 | 150 ‘;53 v
s g bl 30 2.0 13547 15 | 290
50 10 1°8 22972 80 400
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produced and stored in large gasometer.

Gmnponmt.s of Aerosol Average Dﬂf’tgoeff‘ e

Proportion Diffusion | p ... . | Average |(z_/z| Battery | No.

pt P prm pr Coefficient Radius
5.10% F.10% | p-.10®

0°060|0°940 1722 0°30 1620 0°004| BWE 1
1°000 1200 0°35 1200 0°005| BWE 2
0°190|0°810 540 0°56 475 0°006| BWE 3
0°280(0° 720 505 0°58 430 0°007| BWE X
0°340|0° 660 480 0°61 400 0°009| BWE 5
0°035|0°640 [0°325 506 0°65 351 o°014 BWE 6
0°050|0°592 |0°358 480 0°69 312 0°019 BWE 7
0°470 |0° 530 376 0°70 300 0°020 BWE 8
0°057|0°680 [0°263 426 o°71 295 0°020 BWE : 4
0°025 |0°431 |0°440 (0104 355 o 72 282 0°008| BWE 10
07057 |0°653 [0°290 506 0°75 262 0°026 BWE 1
0°140|0°640 |0°220 319 0°76 257 0°004| BWE 12
0°020|0°225 0°607 |0°148 306 o° 77 250 0°001 BWE 13
0°151 |0°683 |0° 166 314 0°81 225 0°009| BWE 14
0°135|0°731 [0°134 333 o°81 227 0°017| BWE 15
0°068|0°611 [0°321 281 082 220 0008 BWE 16
07305 0°240 [0°455 346 0°83 215 0° 049 I 17
0°18210°723 [0° 095 268 0°86 200 0°016 BWE 18
0°065 0° 600 0°335 223 o0°88 190 0°001 BWE 19
0°093|0°488 [0° 419 235 0°88 191 0°011| BWE 20
0°230 0°674 |0° 096 271 o°8s 191 0°017 BWE 21
0°166 0°739 |0°095 291 o°8s 191 0°026 BWE 22
07085 0°444 [0°277 [0°194| 299 0°89 187 bt B e
0°108 (0" 552 [0-340 471 089 186 i ianinil S
0°380 (0° 420 278 0°90 183 0°088| BWE 25
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Table IV - Resolutions of polydisperse asrosols

e Nuclei Components of Aerosol
3‘:‘.1 il Diffusion Coefficient
Time Current Duration| Age|Concentration| ., I D I Dt [])tm
h A sec h z D(i) . 106
26 |14- 3-611| 9°6| 4°90 21 127 26227 37 | 190 | 340
27 |19- 5-61 | 11°5| 4°80 50 1°3 52009 70 | 160 | 350
28 |16~ 2-62| 9°5| &4°25 | 180 3°3 8175 70 | 280
29 | 6-2-62| 9°6| 4°15 | 360 157 24542 76 | 240 | 700
30 |19- 1-62| 9°6| 4°20 45 2°0 8456 13 | 560
31 | 3-2-62| 9°5| 4°30 | 240 2°8 11192 69 | 272
32 [11-86! 97! 490 | 30 |2°5| 23900 67 | 230 | 530
33 [17-8-61| 9°7| 4°95 30 2°6 25037 60 194 838
34 |23-8-61| 9°5| &4°90 30 2°9 21507 50 150 330
35 |16-3+61 | 97| 4°es 30 1°7 30565 45 | 130 | 270
36 |16~ 1-62 | 10°0| 4°20 30 2°6 10440 i5 | 330 | 830
37 | 6-2-62| 9°6| 4°15-| 360 2°5 14325 76 | 218 | 1250
38 |24- 861 | 9°5| 485 40 2°6 26054 60 | 150 | 320
39 |22- 2-61 | 9°7| 4°8s 25 1°7 26140 45 | 130 | 303
40 |22- 8-61 | 9°5| 5700 30 237 24542 60 180 | 400
A |24~ 2-61 | 9°7| 4°8s 25 24 17415 37 | 117 | 257
k2 |25-1-62| 96| 4725 300 2°3 21087 50 | 200
&3 [27- 7-61 | 11°7| 4°85 30 Ptep 21936 60 230
by |22- 361 | 9°6| 4°90 30 2°0 21087 40 | 100 | 250
45 |31- 861 | 9°6| 195 25 6°1 3849 50 i1
b6 |14~ 8-61 | 1071 | 485 60 2°1 33300 60 | 190
47 | 2- 8-61 |10°4| &4°90 L5 2% 32012 60 185
A8 125- 1-62 | 9°6| 425 | 300 3°1 14372 45 | 135 | 1000
49 |20~ 2-61 | 97| 4°s0 30 o°s 47731 50 | 170
50 |20~ 2-61 | 9°7| 4-s0 30 104 33082 50 | 190
e L




produced and stored in large gasometer (continued).

C nents of Aerosol Average
ompopmportion - PLff. Coeffy Min.|Diffusion|Serial
Diffusion | p... o Average zv/z Battery No.
pt p" | pm P Coefficient Radius
5.10% r.108 D;.106

0°047|0°780| 0°173 209 0°90 183 0°002 BWE 26
0°166|0°410| 0° 4224 226 0°92 176 0°014| BWE 27
0°257|0°743 226 0°92 175 0°022 BWE 28
0°270| 0°646| 0°080 235 0°93 173 0°019| BWE 29
0°138|0° 862 485 0°9L 168 0°082| BWE 30
0°261|0°739 219 0°9L 170 0°023 BWE 31
0°260|0°625| 0°115 222 0°95 165 0°025| BWE 32
0°159|0°747| 0° 094 233 0°95 165 0°019| BWE 33
0°103|0°532| 0°365 205 0°96 162 0°017| BWE 34
0°065|0°470| 0° 14,65 190 0°97 159 0°001 BWE 35
0°148| 0°647| 0°205 386 1°02 145 0°081 BWE 36
0°387(0°536| 0° 077 202 1°02 145 0°027 BWE 37
0°233|0°475| 0°292 179 1°05 137 0°027| BWE 38
0°130|0° 594 0°276 167 1707 130 0°003| BWE 39
0°275|0°625| 0°100 169 1°07 131 0°032| BWE 40
0°085(0°550| 0°365 161 1°08 130 0°003| BWE um
0°267|0°733 160 1°10 121 0° 0Ll BWE 42
0°397| 0" 603 163 1°12 119 0°'047| BWE 43
0°110|0°510( 0°380 150 1°14 115 0°003| BWE Lk
0°215/0°785 129 1°16 112 0°036| BWE 45
0°413)| 0° 587 136 1°18 109 o°049| BWE 16
0°415|0° 585 133 1119 107 0°049| BWE b7
0°275 0°645| 0°080 179 1°22 101 0°054 BWE 48
0°451| 0° 59 116 1°31 88’5 |0°075| BWE 49
0°496| 0° 504 121 1°32 87°0 0*o82 BWE 50
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Table IV - Resolutions of polydisperse aerosols

- 20 -

Production of Nuclei Nuclei Componatit it Ae:g'oaol
Bo. Date Diffusion Coefficient
Time |Current [Duration| Age|Concentration Dt l D I lew
h K sec h "4 D(i) . 106
51 | 3- 8-61| 10°3| 4°90 60 2°3 21649 50 155
52 |20~ 2-61| 9°7| 4°g0 30 1°9 24542 50 170
53 [12- 5-61| 15°1| 4°90 30 1°6 43687 35 700
5k | 2- 7-59| 9°7| 4°95 5 5°7 4400 7 45 | 250
55 | 5= k60| 9°5| p°75 45 5°8 7795 37 113 217
56 117~ 5-61| 14°3| 4°80 60 2°3 33300 40 150
57 [16- 8-61| 9°7| 4°90 30 L 16408 20 | 240
38 [27- 2-61| 9°¢| 4°g0 35 1°9 27114 53 100
59 |15- 5-61| 10°9| 4°8s5 60 1°3 56792 20 | 280 | 1000
60 119- 1-62| 9°6| 4°20 45 257 5618 10 | 230 | 780
81 [16-2-61| 9°5| 4o75 30 1°4 4164, 62°5
6 | 4- 8-61| 10°2 4°90 60 2°6 30162 40 125
63 | 4~ 4-60| 10°9| 4°80 60 51 9670 32 108 | 600
& |16~ 2-61| o- Slikt7s 30 1°9 30162 58
65 |28~ 7-61( 11°0| 4°80 90 4°0 9105 35 110
66 | 2- 560 95| 4-g0 90 6°0 7482 30 B |28
67 |26~ 7-61| 129 4°85 60 29 27661 30 100
68 (16~ 5-61| 14°6| 4-90 90 1°9 L1644 30 | 100
6 | &~ 56| 95| 495 | 420 5°2 8456 15 45 | 150
T 129-9-61136 | 4°90 | 60 |7 185 6 | 30 | &
Mo 1-961| 97| 485 | 150 2°5 38328 15 33 | 100
” | 1-861]| 10'8| 490 | 150 476 13196 17 53
B | 9-8-61| 143 4eas 60 2% LL6TL, 15 - oxt
7h  [20-10-59| _n 6*10 5 19°5 650 5°5| 36 147|500
7 |25-8-61| 96| 4090 150 2°2 50776 10°5| 33




produced and stored in large gasometer (continued).

nents of Aerosol Ave
cmpoP:portion . LR el il 3 rraston) Suited
T 7 [ o= | o | Contrintems | Ruttm | SSRGS /S mt |
D.104 | F.10° D= 408

0°437|0°563 109 1°32 87°0 0°073 BWE 51
0°512| 0°488 119 1°36 82°3 |0°085| BWE 52
0°550| 0°450 334 1°38 80 0°277| BWE 53
0°055| 0°347(0° 598 165 1°39 79 0°o11 III 54
0°300(0°573|0°127 103 1°39 79 0°010 BWE 55
0°396| 0° 604 106 1°39 79°0 07092 BWE 56
0°325/0°675 169 1°46 71°8 |0°149| BWE 57
0°276| 0° 724 81°s5 1°50 68°1 0°015| BWE 58
0°395(0°417|0°188 313 1°51 67°2 0°033 BWE 59
0°255/0°317|0°428 410 1°51 67°2 |0°166| BWE 60
1°000 62°5 1°57 62°5 |0°145| BWE 61
0°540| 0° 460 79°1 1°58 61°5 0°126 BWE 62
0°425| 0°525(0° 050 100 1°60 60°2 (0°023| BWE 63
1°000 58 1°63 58 0°163 BWE &l
07480 0° 520 7%°0 1°63 58°0 |0°132| BWE | 65
0°328(0°572( 0°100 w6 1°67 55°5 |0°020| BWE 66
0°420| 0° 580 70°6 1°68 s5L°7 0°137 BWE 67
0°509| 0" 491 6471 1°78 49°2 |0°167| BWE 68
0°108| 0°722|0°170 59°6 1°88 LAk 0°007 BWE 69
0°118|0°315/0°567 58°1 2°15 34°h 0°039 BWE 70
0°284)0°435/ 0° 281 L6°7 2°26 31°3 |0°020| BWE n
0°551|0°449 33°2 2°50 25°9 |0°118| BWE 72
0°486(0° 514 33°0 2°54 252 (00123 BWE | D
0°231)|0°450| 0241 |0° 078 91°9 2°58 24°1, | 0°061 III ™%
0°256| 0° 72,1, 27°2 2°68 22°8 |0°039| BWE 75
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Table IV - Resolutions of polydisperse aerosols

Production of Nuclei Nuclei Conponents..of Asail
S':":l Date Diffusion Coefficient

Time |Current| Duration| Age|Concentration Dt | Dt l D,,,ID.,,.
h A sec h z p{) 406

76 [18- 5-61| 14°7| 4°80 180 1°9 56352 14 45

77 (31— 7-61| 11°4| &°85 180 3:7 18728 15 90

78 |[28- 4-60| -6°9| 4°80 180 18 1900 15 22 80

79 |[22-10-59| -7 7°00 ki 20 800 scelir s 100

80 [15- 8-61| 9°7| 4°90 180 232 58612 11 35

81 [28- 4-60| -6°9| 4°80 180 |18 2000 10°5| 53 125

& | 6- 4-60| -7 L°75 180 (23 2820 12°8| 57

83 [19-10-59|-36 - 5 58 140 L3727 8l

8, |[10- 8-61| 9°8| 4°8s5 180 234 56792 6 20

85 |[23-10-59|-31 7°00 L |43 180 5°0| 54 | 100

86 |26-10-59|-36 4°80 30 |8 470 4°5| 35

87 |21-10-59|-31 6°10 5 43 90 40| 38351 1D

88 |29-10-59|-35 4°80 60 |47 280 I 20 70

89 |27-10-59|-60 4°80 30 72 80 A 15 60

90 |30-10-59|-59 4°80 60 |71 105 3°8| 27 90

91 |24- 5-60| -7 475 | 300 (22 6000 2 751 11550




produced and stored in large gasometer (concluded).

Components of Aerosol Average Di.ff.tgoef.t. < 5 Il e

Proportion Diffusion | p.si.. | Aversge |[Z_/Z| Battery | No.

p? p" | pm pr Coefficient Radius
5.108 r.10%| bz .10°

0°525|0°475 28°7 272 2041 0°145 BWE 76
0°716|0°284 36°3 2°78 21°3 0°391 BWE 77
0°700|0°160|0°140 25°2 2°98 18°8 0°223 BWE 78
0°290|0°620|0°090 36°5 3°13 17°1 0°087 III 79
0°680|0°320 18°7 3°39 14°8 0°095 BWE 80
0°750|0°170| 0° 080 26°9 3°45 14°L 0°317 IIT 81
0°900|0°100 17°2 3°46 14°2 0°261 BWE 82
0°336|0°298|0°366 LO°L 3°57 13°4 0°107 IIT 83
0°356|0° 644 15°0 3°85 11°7 0°116 BWE a4
0°534|0°279|0° 187 36°4 L°05 107 0°160 III 85
0°467|0°533 20°8 4°26 9°8 |[0°159 III 86
0°470|0°460|0° 070 31°7 4°37 9°3 0° 174 IIT 87
0°568(0°173|0°259 23°9 L°96 75 0°212 III 88
0°654|0°140|0°206 17°1 5°50 6°3 |0°245 I 89
0°760(0°193|0°047 12°3 6°13 5°2 0°295 III 90
0°700(0°179(0°038|0° 065 10 8°90 28 |0°262 It b




L1

No Analyst Dt D= D pt p" pr

79 POLLAK 5°0 L2 100 | 0°290 0°620 0°090| 3°13
METNIEKS | 5°4 37°5 200 | 0°307 O0°540 0°153| 3°08

85 POLLAK 5°0 5h 100 | 0°534 0°279 0°187| 4°05
METINIEKS | 5°0 20 j00 | 0°510 ©0°134 0°356| 4°02

The sensitivity of the Exhaustion Method is remarkable. The average ra-
dius (r) of the asrosol increases regularly when the age of the aerosol in-
creases by as little as one hour. As an example, see the resolutions on
28 April 1961 (Serial Nos. 3, L & 5).

When the age of this aerosol increases from 5°6 to 6°3 and to 6°9 hrs,
the average radius grows from 0°56 to 0°58 and to 0°61 » 10-6 cmo

Finally, Table IV enables one to study the composition (heterogeneity)
of polydisperse aerosols of various modes of production, ages, etc. As an
example we give in Fig.2 ?point clouds'! — well known from periodography — for

a b
5 ve p(3) £ the sercecls  listed im. Table IV with average radius
T<1°00.10° and > 2°00. 107 ca.

There are 35 resolutions (Serial Nos. 1 to 35) of aerosols with

T <100.107% which have an average age of 2°7 hrs, and 22 (Serial Nos. 70

to 91) with T >2°00.10°° and an average age of 25°5 hrs. From Figs. 2a to

¢ we deduce, in Table V, some characteristics of young and old aerosols stored
in a large gasometer. Take e.g. Fig.2a, the cloud of points representing the

component D' j.e. the component with the smallest diffusion coefficient or

with the largest radius obtained by the Exhaustion Method for young and old

B T



Table V -

Extension of point clouds for components

of young and old stored aerosols.

Aerosol Young 0old

Average Age (hrs) 27 25°5

Dt 210.107¢ | 17.1078

Dr 620 90

D 950 172

ot o' .1078 | 3°14 .1078

' 048 1°30

rm 0°39 0’93

" 86 75

pm™ 61 or

6
In young aerosols we found Dt values up to 210 .10 = or components

aerosols.
with radii as small as 0°84 .10°° cm, whereas in old aerosols the diffusion
coefficients D' never exceeded 17 .10 or, the component with the largest ra-
dius was never smaller than 3°14 . 10° cm.

It appears, therefore, that the resolution of actual aerosols using
the Exhaustion Method can supply - in addition to the average size of the

of
8erosol nuclei - some information of the processes in an aging population

nuclei stored in a large gasometer.
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Fig. 1 - Heterogeneous aerosol containing nine components
with Gaussian distribution of their concentration.
a Histogram of original Zi vs Di (Table 1), b Ogive of Zi 5
c Ogive of the three components obtained by Exhaustion Method,

d Histogram of the three components obtained by Exhaustion Method
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