R N el

AD 742180

t FSTC-HT~23-107-71

ARMY IMA!EIIEL COMMAND

U.S. ARMY
FOREIGN SCIENCE ano TECHNOLOGY CENTER

ELECTROCTATIC METHOD OF ALIBRATING PHOTOELECTRIC
AEROSOL PARTICLE SI." METERS

By =Ty
S. P. BELYAEV 1
and :
A. G. LAKTIONOV | S,
’ i 4 < ‘ il
| U
L.’ U ~._L [ - . st b
SUBJECT COUNTRY: USSR C

This document is a rendition of the
original foreign text without any
wialytical or editorial comment.

Apnroved for public release; distribution unlimited.

Reprodured by

b
ATIONAL TECHNICAL
lr:IFORMATlON SERVIZE ]47

Sprmth!d va 113!




Z @
OgﬁJ‘g&

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



Socurt

DOCUMENT CONTROL DATA-R& D
muat be d when he everoll i~ cha vol
a0, AEPORT SECURITY CLABHPI CATION

Foreign Science and Technology Center

US Army Materiel Command L
Department of the Army
3 REPORT TITLE
ELECTROSTATIC METHOU OF CALIBRATING PHOTOELECTRIC AEROSOL PARTICLE SIZE METERS
4 DEICRPTIVE MOTES (Type of repert and nclusive detes)
Jranslation
s AUTHORS) (] ¢ e, s inltiel, laet name)
S. P. BELYAEV & A, G. LAKTIONOV
¢ REPORT DATE 78. TOTAL NO. OF PASKS 70. MO. OF REFS
28 January 1972 12 N/A
08 CONTRACY OR GRANT WO. 8. ORIGINATOR'S REPORT NUMBE RIS)
». ®mosEC T NO. FSTC-HT-23-107-71
c. 1702301 2301 2. OTHIR AEPORT MO(S) (Any ofher mumbere Mat may bo s0sig.od
e 3-9479
=94
] ¢ Requester ECOM (WSMR) -

19 DISTMIGUTION STATEMENT

Approved for public release; distribution unlimited.

1 11 SUFPLEMENTARY NOTES 12. SPONMBORING MILITARY ACTIVITY

US Army Foreign Science and Technology
Center

*1 ABSTRACY

Yisual and photoelectric devices for spectrum determination and aerocol
concentration have veen devised; however, one of the most complex problems
arising during research on aerosol while using these devices is their grading.

Ny ..1‘73

NEPLACES DO POMN: 1478, ¢ JAN 64, UMICH I8
OB ETE POR LINiY UK.

e,
ty Clecsifizatica




”

UNCLASSIFIED
ty 1 tien
te. F LINK A LiNx ® LiNn ¢
REY WORDS s = Sovs = noLE =5
Electrostatics
Charged Particle
Aerosol
Photoelectric Methed
Particle Motion
Dispersion Equation
Particle Spectrum
Particle Size
Test Method
Electric Measuring Instrument
Instrument Calibration
COSATI SUBJECT CODE: 14, 20,
13
COUNTRY CODE: UR
1
UNCLASSIFIED

Security Classificstion




ELECTROSTAEIC .ETHOD OF CALIBRAIING PHOTOELECTRIC
PAR METERS

ENGLISH TITLE:
AEROSOL TICLE s1lk

ROSTATICHESKIY METHOD GRADUIROVKI
KYKH IZMERITELEI RAZMEROV AEROZOL'NYKH

:
- POREIGN TITLE! ELEKT
FOTOELEKTRICHES
AUTHOR: s, P. BELYAEV &
A, G. LAKTIONOV
SOURCE: NOT GIVEN
Trmslued gor FSIC by ACSI
' NOTICE
The contents of this pubhcat'\on have been cranslated 3 presented in the original text: No
attempt ha been made verify the accuracy of any statement contained herein. This
(ranslation 18 pub\'\shed with a minimum of copy editing 3 aphics prepamnon in order
o expedite the disseminat? n of ;nformation Requests 1°F Ldditional copies of this
] document should addressed to Depanment c National T chnical {nformation Setvice,
Springﬁe\d. Virginia 2151. Approved for public release’ distribution unlimite




ELECTROSTATIC METHOD OF CALIBLATING PHOTOELECTRIC
AE’OSOL PARTICLE SIZE METERS .

i S.P. Belyaev - A.G. Laktionov

Both in the Soviet Unicn and sbroad, visual and
phccoelectric devices for spectrum determination end aerosol
concentration heve been devised, One of the most complex

roblems arising during research on aerosol whilis using
these devices is their grading. What is particularly

1 difficult is the graduating of instruments from the lowest
limit of their applicability (r=0,8 °* 40-5 cm.) up to that

limit, above which it is possible to graduate instiuments

according to the speed of particle fall in **:> sediimentc-

meters: (r-3 ¢ 5 « 10-4% cm.g.

The present paper suggests a method ¢f greaduating
devices in this very interval of particle size. The known
effect of charged perticle fall is used for this purpose,
as they pass through a flat condenser. At the output of the
pho%toelectric device is usually instalied a multichannel
amplitude analyser : in each channel, only signals <rom
a determined fraction of particle size can join. For the
purpose of calculations given below, as well as for clarity's
] sake, a single channel has been selected, in which register
{ all signals with amplitude tencion above V3 ( lowest point
of discrimination in the given channel) and below Vo (lowest
point of discrimination in the next channel).This permits
the isolation out of polidispersed aerocsol of a sufficient
particle fraction contzining radiuces (so far unknown) from
ry up to rﬁ (of course r:z > ry . Particularly this cir-
cumstance, that in the given case, it is possible to observe
the change of concentration of particles only in a narrow
fraction, thus giving a foundation for the realisation of
the method suggested here.

In the condenser (diagr.1) on which plate is applied
constant tension /L enters a flow of polidispersed aerosol
with & volume of expenditure in the time unit Q, the concen-
tration of particles, ranging in size from r71 to r2 , equal
to No on entry. On exit frcm candenser, on account of deposit
of a part of the charged particles of given sizes, their
average concentration flow changes and will become N . The (w 3)




expounded idea feor graduation consists of the fact that upon
gradual increase of tension /1 the critical tension /12 is
reached, at which time on the condenser plate fall the largest
of given fraction of particles with a radius of r2, charged
with one elementary charge. Upon. further increase of tension.
concentration N upon exit will not alter, as out of the
fraotion being observed (rl ¢ r2) all charged particles fell.
On critical tension /N 2, corresponding to the moment cf deposit
of r2 particles :with a single elementary charge, upon known
sizes of.a zondenser placed vertieally and the known expenditure
volume air through the condenser, as will be shown below, in
p-inciple, the determination of r2 1is possible.

In order to have a better idea of the possibillities offered
by this method, as well as for the evaluation of possible errors,
let us find the analytical connection betwesen N end 1T .

No

In the calculations which are given below, we overlook
inertia and particle sedimentation in consideration of small size
of particles and the vertically placed condenser.

Let us examine first the qualitative picture of particle
deposit on condenser plates. The question is the following :
will the given particle f&ll or rot, at a given flow of air on
the plate. This devends on the speed of its displacement toward
the condenser's plates under the action of electric current (we
did not examine particle fall under the action of other energies)
and on the initial disposition of particles upor entrance in the
condenser.

We will mark (diagr.1) a horizontal speed component
(the component which is directed across the flow) through U .
For the examined diapason of particle size, the resistance of air
to the movement of particles is expressed suffficiently accurately
by the Cunningham formula. Therefore, component U can be expressed
as follows

R

. et ¢i)
0zirh ' i)
where e - charge of one electron
h% quantity of elementary charges in the particle ;
A - coefficient depending on the character of
' reflected gas molecule from the particle surface
1 - lenrth of free run of gas molecules ;
h - distance between condenser plates

At the given tension /1 (0 < NL N8y there are present in
the air such particles as have a size and charge, that upon entry
into the condenser, even at a most unfavorable point for fall (for
excrple, for particles positively charged at point A, diagr.1)
these particles fall at the very farthest edge of the opposite
charged plate (draw.1, point C) . Such particles, st a given
tension define a border trajectorye.

B




O TRttt . ot g st e e 1€ e e

Particles of a smaller size (at the same charge number)
or with a larger charge number (but with the same eise), in
comparison with the first case , accordingly to the formula
will have a greater fall speed and will fall closer to the
critical point C (for example, at point D ). We will
name all this group of particles, whose trajectory is inde-
pendent of their position on entry end on the surface of
the condenser plates, as particles fully capable of falling
at a given tension .

Positive particles, which have greater sizes or smaller
charge quantities than in the first case, will not fall on
the negative glate, if they enter condenser at point A .
However, 1f these particles will enter in the condenser at
point B or at the leff of point B, then they will fall on the
plate of the same tension. The particles will a&lso not fall
on the plate, if they get in at the right of point B. The
position of point B itself depends on the charge and size of
particles and with an increased charge or with the growth of
particle size, point B removes itself from point A .

All this group of particles, the question of their fall
depending on the initial position at tusir cuiv.ance in vuc
condenser, we will call ©partly capable of falling. At
a tensicn, infinitely close to zero, apparently, all groups
of particles will partly fall.

The flow of particles in the direction of one of the
condenser plates is proportional to the area of the plate
produced on the speed of particle movement in the direction of
the plates and on the concentration of charged psrticles,
in opposition to the plate charge ,

L

3 If the condenser plates are equal in surfiace area and if

' : charged particles are biopolar and simetrical, then the overall
number of particles size 1r1 up to r2, partly fall in a unit
of time on both plates (tension on them, infinitely close to
zero) will he

E n,(r)

9
o

28U (v r)dr, (2)

in which n density of distribution Ly size of particle
concentration with charge (both signs)
symbols

ey 15 il

S - area of one condenser plate

It seems that the flow of falling particles cannot be
any bigger than the particle flow entering the condenser. From
: this, %t follows that (after concentration reduction of
r falling particles in the left and.right is not even)

2l DA

QY SU (v 3 r). -3~
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that is, when wicth the help of this equation the variable M
can be 5escribed only on account of the fall of single charge
particles. For this case, out of equation (4) we have

o~ |

M :Q _\32 N, +Q\ n(r)dr -+ Sf n(U(r)- dr. (6)

] 4

.

The symbol T is determined out of Muchs deduction

(6; §26 and 27) about the fact that the distance 11 (diagr.q)
from condenser entry up to the place of falling appears to be.
the function of average speed of the flow snd does not depend
on the profile of flow speeds. From there, for the maximum
trajectory, one can write down L = = h

3 U

. from there, with the calculation (1) it follows

r Pk ————n & _

0 v Q

= Cil : c3 1 CAlll

where the coefficient C = E%?T appears to be the constant

for two given conditions and the given condenser.

Inasmuch as T 4n a complex manner depends from /U ,
according to (6) , M also in a complex manner depends on /U,

In order to go over from the quantity of falling particles
to the concentration N of particles at exit point of
condenser (it is through this very point that we register
with a photoelectric device) we will proceed with the assumption
that the overall quantity of particles, entering the condenser,
is equal to the sum of particles, falling in the condenser and
exiting from it. The general amount of particles size r1 up to
r2 entering in one time unit into the condenser, will be QNg

(No = concentration of all particles, includine noncharged,
size r1 up to r2 , that is - o
e Ny Y s n. {rydr).

The overall number of particles, coming out of the condenser
in one unit of time, QN . Out of tvhe balance of particle

number we find that

N = 1 — M




On disgr.2 is brought about a theoretical de¢,.<ndence

of the relation N%' from tension on condenser (curve 1),
As was already said, close to R 2 M does not appear to be

the linear function M . If one is to receive a similar

graph experimentally then, having determined out of it the
symbol g , by the formula (7) one can easily determine the

size of the particle r2, changing N1 for g , and * for

However, as it is observed from the dlagram, the practical
definition of the symbol /i , brings about certain difficulties,
and calculations indicated that in the presence of insignificant
oscillations in concentrations upon entry to the condenser ,
errors are possible in the determination of r2, as the curve

%‘4é = £ () goes over very smoothly in the straight
— g 1; = const, (where N.. = concentration of

noncharged particles). This circumstance appears to be a
major shortcoming of the method described in this paper.

Below is described a modification to the method, which
allows to increase the exactitude of the devermination of
particle size, this to a substantial degree .

Let us examine the curve, determined by the equation (4),
in the tension interval from n up to/l. In this
interval the tension of 2
singlecharged particles of aercsol size from r1 up to rc
do not fall entirely ; at the same time double charged particles
of the same size fall entirely; therefore, for this case, the
equation will look like this

i

Mg _} N +S.§ n,(r) U (r) dr. 9y

4]

In the integral equation member (9) the symbol n1 depends
1 on r much less than U on r. The dependence of U from
' is given by the formula (1) . The dependence of n1 from
may be calculated by the formula of stationary distribution
of char-es on natural aerosols (Boltzman ‘ormula) suggested
by Fuchs (6) . According to these formulas, when changing r
by 20% n1 changes less taan 2%, when r=10-5 cm. and
changes by 8%, when r=+10" cm.,, at that time U changes

by 31 and 22% accordingly.

Consequently, in the first approximation ane can consider
that n1,. depend on r. Then, drawing (1) and (5) and
integrating (9) , we obtain

Dy

y N v e HND | ;
.u_Q:iA,Tc—~—~un~-fw—~~m~wM;. (10;
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i Sl
~



As can be seen from the formula (10), within the 1limits from /2

up tofl, the symbol M and, ccnsequently, correct (8),

the symbol of relation N -
o -

in linear depend on ] .,

Naturally, that liuear dependence may occur only in such a

case, if M2 is less than /1 ; Then, the lesser the

symbol 1r§‘ s then the larger the area where the
linear dependence takes place. In its turn, symbols.j
and 1 , upon smooth even conditions agree (7, and1;—
depend on sy bsls ra s .

Calculations according to this formula indicate, that the
narrower the channel of the registrating installation of

the photoelectric meter (that is, the lesser the difference
between r2 and r1) the larger the rectilinear area.

For example, let us show, that if monodispersional particles
enter the channel (r1 = r2), then the dependence N = f (11)
will have a broken appearance, consisting only of N o _
rectilinear areas ; the place of braking will be

in points where the tension reaches a critical

position for particles with charge amourt v=1,2, «ee, ®

The very same dependence will represent a complex line, without
rectilinear areas, if r2s 1,62, by r%1 = 038 . 105 cm., and

r2 > 1,5 r oy 1 =10"" ChL.
in 'he cise i re= = 1,1 11, then the areas of straights
occupy a signifirant part of the curve.. Thus for
ry. 0,8-10° o 1—1:- aLgiior, dudten fip o i, e .
b.,vo'R 2
Agreeing with formulae (8) and (10), in the interval from %_z_
up to A, (diagr.2) the equation of the straight
for singlecbzige particles will be @
NN ,
N _pn M =il ) (1 1)
where N, Ny Ny '
' L 12)
R it )Au (12)

Q(’i—’l) i Ty AN
Let us find now tension ”.x s upon which the straight, determined
by by equetion (11) , is crossed with the straight Nh _ const
Keeping in mind thet No
\" v

g ooy, SEB — we obtai
Nn l ‘Vu ‘\"" e 0 in ( 1 5)

i
e ~5°



Practically spesking, it is possible to find the point of
intersection on the experimental graph with much fewer possi=-
bilities for error than tension/?.

If such levels of tension discrimination were set on the
amplitude analyser, so that the tension of symbol V1 from
particle r1 were higher NM* times signal V2 from particle
r2, using dependence Y~ -3# the following may be put

down
-

Now out of (12), (13), and (14) it is easy to find the
symbol 1 and ©r2

- . 5)
ﬁr—‘b'*' l/bz_g_ wz_ Bl ur, (15)
- nQ
where
. Cll.iny

Q=1 (16}

This way the operaticn of determining the size of particles
is transfered towsrd the experimental determination of the

character of dependence N from

(<]
after which on the graph _N = £ (N) is easily
found, and from No

there, according to
formula (15) and (16) the size of r1 and r2 . The errors
which arise from definition r1 and r2 by the given means,
are connected with the concentration fluctuations of aerosols
upon entry and with fluctuations of the portion of charged and
uncharged particles. They also depend on the incline of the
right angle, which is determined, in its turn, by the portion
of single charge particle and the size of D (D depends on
the size of particles and the width of the channel). At con-
centration oscillations on entry in the condenser within the
limits of 10%, the error in determining 1r1 and r2 does
not exceed the limits of the sage approximated 10%, if

= 1,1 3nd r1=0,8 « 10 ~ cm., and does not exceed
the limits of 12%, if =1,1 @and r1 = 10-4% cm,

At error computation, the percentage of charged particles
and the quantity of charges on particles, Just as earlier,
were calculated according to the Bolzman formula. In order to
increase the accuracy of the method, three approaches may be
recommended :

1) concentration stabilisation of aerosols upon entry into
the condenser is indspensable,
2) decrease, inasmuch as it is possible, the width of the

-R-
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channel and
3) increase the amount of single charge particles.

The latter, in particular, concerns the larger particles, as
with size growth of particles, the amount of lultiqhargea
particles increases. Therefore, in the case of large particles,
it appears expedient to discharge aerosols artific lally.
Control for determining of single charge particles amount can
be obtained through the amount of uncharged particles. Thus,
for example (as it must be according to the Bolzman formula)
if the number of uncherged particles is no less than 25#, this
guarantees a portion of single charged particles of no less
than 40% . The tension f]§ changes within the limits of
from 6 v. for particles with 72e«10-5 cm. up to 150 v.
for particles with r2«10'4 cm.

The diagram of the installation, destined to the grading
o{ photoelectric devices by electrostatic means is shown on
diegr.3.

On this installation is performed the grading of a photo=-
electric device of the FICHA-K-O type described in (/:). The
device of the FICHA-K~-O type is besed on photoeliectric measuring
of light intensity, dispersed by cne particle in a narrow body (?-
telesnii) corner in the direction, close to the direction of
ligkt, 1lighting the particle. The division of pulses, falling
from FEU, according to the size of emplitudes, is pioduced
by a five channel amplitude analyser.

For the purpose of graduating devices a specially devised
flat condenser was used. It consists of two metal plates, divi=-
ded by two (ftoroplastovimi ?) gaskets or paddings. The
distance between condenser electrodes h = 0,3 mm,, the surface
of electrodes S = 16,7 cm2, , the volume of air through the
condenser Q= 0,4 cm3/sec. Air, as is indicated on diegr.3,
is sucked in the device QICHA~-K-O from the lower (torts
of the condenser , Suction speed controls, at pressure drop on
the entry capillar of the FICEA-K-O device by a needle
manometer & ,

To accomplish the graduation, particles of dust were used,
which are found in air in the laboratory (at that time there was
no one in the laboratory except the operator). Stability of
particle concentration in the air was controled by the measuring
of particle concentration passing through the condenser, whose
both facings were earthed.

Such aerosol checking is carried out several times (three
to five) in each measuring cycle. The first preliminary experiments
gave posi‘ive results in the graduaticn of devices, satisfi ctorily
agreeing with curve graduation of Gucer and Rose (7) carried ~ut
for much larger particles (r 0,3 « 10 =4 cm.)
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Trajectories of charged
particles in the condeaser
when aerosol stream passes
through it.
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the ccadenser Qepending on
appliad tension. Curved
are m&de for stationary
c::zgol distribggi:: on
P cles, acco +o
Borzman formula.

Curve I (all indications
for it are with stroke)
is calculated for measu-
ring particles size
r1ﬂ’8.10-5 cm [

r2 = 1,% 10-5 cnm.

Curve 2 (all indkcations
with two strokes) calculated
for particles

r1s= 0,8,10-5 cm.

e = 5,9.10-5 cm,

Curve I does not have
right angle area, as
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graduation of photoelectric
instruments

1

£\

\n

photoelectric deviice of
FICHA -K-O type

electric condenser
filter for cleaning air
measuring instrument for
presure overfall on

capillar Pac 5 Cren Veiciobrit LI FPadys '
- - 111 b Ve NV dLinbra LI RS Y I YY)

electronig registering QT 50 TPEiC AN u]\m’m;‘mu" !
installation T it T AR
SGUEELT N T.iN s

[ NN W ST IR
CHTPTTTFT IS ST
(LR T I T °

air suction system

RS T L]




