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Abstract

The errors associated with incorrect sampling and transport of radioactive aerosol from radwaste
thermal process off-gas are analyzed and the conditions of representative sampling and correct tran-
sport of radioactive aerosol for offgas system evaluation are discussed. An estimation method of
sampling errors for individual radionuclides is proposed and applied to simulated vitrification melter
aerosols. Prediction methods for particle deposition in sample transport tube under laminar as well
as turbulent flow conditions are also described by example calculations with simulated incinerator
off-gas. From the results of example calculations and plots, instrumental and operational conditions
of radioactive aerosol sampling system with minimized errors and correction methods for nonideal

sampling and transport are recommended.

1. Introduction

Characterization of radioactive aerosol in the pro-
cess stream of radwaste thermal treatment plants
such as incineration and vitrification plant, which are
under developing or commercialization in Korea [1,
2], is necessary to evaluate the process safety factors
such as nuclide wvolatilities in the furnace or melter,
removal efficiencies through off-gas system units and
emission concentrations in stack. Unfortunately, di-
rect measurement of radioactivity of aerosol particle
in the process stream is impossible even with cur-
rently well-developed radioactivity measuring instru-

ments. Therefore the problems of representative samn-
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pling and correct transport of radioactive aerosols to
the instrument often occur.

Standard methods and guidelines for aerosol sam-
pling have not given full information on aerosol beh-
avior associated with errors during sampling and tran-
sport of aerosol. The recommended conditions are
only ideal but practically not accessible for radioactive
aerosol measuring system, especially in radwaste ther-
mal process. However, there have been many exper-
imental and theoretical investigations, which can be
applied for cormrection or estimation of errors due to
unideal sampling and transport conditions.

Badzioch [3] discussed methods of interpreting
sampling data taken under anisokinetic conditions.
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Hemeon and Haines [4] found experimentally that

errors in the calculated particle concentration can ran-

ge from 40 to 60% when the suction velocity ranges
from two-thirds isokinetic to twice isokinetic. Dauvis
[5), Rehm [6] and Herman [7] also experimentally
investigated this effect. All of them described the in-
fluence of particle inertia on the efficiency as a func-
tion of Stokes number. The results are very similar.
Vitols [8] and Ruping [9] attributed sampling errors
to three different sources-inertial effect, deposition in
the sampling channel and particle bounce from the
front edge of the probe. They determined the sam-
pling efficiency due to the first of these effects only
using a photographic techniques.

A number of theoretical and experimental investig-
ations on aerosol particle deposition have been per-
formed in numerous engineering applications arising
from the needs of the microelectronic and computer
industries and protective coat industries. Mass dif-
fusion in laminar flows is a relatively well established
[10]. Extensive reviews of earlier and recent develop-
ment of theories of turbulent deposition process and
experimental studies were provided by Wood [11]
and Papavergoes and Hedley [12].

Previous research works related to aerosol sam-
pling efficiency have been conceming on the mass
concentration of particles. There has been no in-
terpretation on sampling errors on the measurement
of individual element or nuclides. In radwaste ther-
mal system, it is necessary to know the concentration
of each nuclide in the aerosol since the behavior of
individual radionuclides have to be known to evalu-
ate system status such as volatility, particle entrain-
ment, removal efficiency, final emission of the indi-
vidual nuclides. The correction methods for the meas-
ured concentration of individual nuclides for anisokin-
etic sampling conditions are proposed in this paper.
In addition, some graphical illustrations of deposition
in the sample transport tubes under various sample
transport conditions were also described with gener-
ally accepted deposition models and the results were
analyzed in order to present sample transport condi-
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tions with minimized error.
2. Radioactive Aerosol Measuring System

It is possible to analyze radioparticles in off-gas
only after aerosol sample has been transported to
radioactivity detection instruments and there is a
spacial distance between the site of sampling and the
instrument in which the radioactivity analysis is perfor-
med. This concept of radioactive aerosol particle
measurement system is shown in Fig. 1. For meas-
urement of radiocactivity of aerosol particle in duct
flow, we normally take only a part of the aerosol sam-
ple and expect it to be a representative sample. If the
radioactivity of aerosol is homogeneous in total flow,
this can be true. Radioactive aerosols in a room or
flowing through a duct is normally inhomogeneous.
The approach to increase homogeneity is to increase
the number of sampling points disiributed in the total
aerosol as well as the volume of aerosol sample.
Some guidelines or standard methods such as Kor-
ean Test-Methods for Pollution Process, German
VDI-Guideline 2066, USEPA’s air sampling methods
and Japanese JIS-8808 have agreed upon minimum
required numbers of sampling points of aerosol flow
in a duct or stack. For sampling from still gas, we
can refer to an article by Agarwal and Liu [3].

Depending on the properties of the investigated
radioactive aerosol and measuring range of the in-
strument, it may also be necessary to condition aero-
sol particle so that the properties and geometry of
sampled radioparticles match the requirements of the
radioactivity detection instrument. In general, ultimate
conditioning of radiocactive aerosol particle is an ac-
cumulation of radioparticles on a flat HEPA sampling
filter, increasing radioactivity with known aerosol sam-
ple volume. The main requirement causing sample
transport error is the necessity of installation of com-
mercial instrument in clean room, which is distant
from sampling site. Therefore it is impossible to
achieve completely representative sample even with
self-regulating isokinetic sampler since loss of aerosol
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Fig 1. Schematic Diagram of Radioactive Aerosol Sampling
and Measuring System

particle occurs in relatively long sample transport line
in radioactive aerosol measuring system. In addition,
conventional self-regulating isokinetic sampler can
not be adequately installed for hot process off-gas
from waste thermal process [13, 14]. Therefore we

have to know the difference between the aerosol con-

centration in process flow and that in sample flow as
well as the deposition in sample transport line. In or-
der to know whether the resulting errors are accept-
able with respect to the requirements, the effects of
sources of error during sampling and transport of aer-
osol have to be quantitatively estimated [15, 16].

3. Sampling Efficiency of Radwaste Thermal
Process Aerosols

3.1. Characteristics of Radwaste Thermal Process
Aerosols

The sampling efficiency can be quantified by det-
ermining the ratio of the concentration in the sample
to the concentration in the investigated aerosol. This
ratio is referred to as sampling efficiency or suction
efficiency ». If the radioactivity of the particle is in
proportion to the particle mass, sampling efficiency
for radioactive aerosol can be described as,

_ Cm,s — Ca,s (1)

o Cm'g Ca.g
where Cnlkg/m®) and Co(Bq/m’} are mass and rad-
joactivity of the sampled particles in unit sample gas
wlume, respectively, and subscript ‘s’ and ‘g’ rep-
resent sample and process off-gas, respectively. For a

representative sample, 7 is equal to unity. The sam-

pling efficiency largely depends on the properties of
particles, especially on particle size. A detailed ef-

ficiency has to be investigated with fractional sam-

pling efficiencies as a function of particle diameter, d,

{7 = flds)). Therefore Eq. (1) is only true if the nor-

malized size distributions are equal to radioactivity dis-
tributions. In radwaste thermal treatment system such

as incineration or vitrification system, radioactivity dis-

tributions of aerosol particles in off-gas are much dif-

ferent from particle size distributions. This is mainly
caused by two different formation routes of radioac-

tive aerosol particle. Semivolatile nuclides such as Cs,

Ru and Te, are readily wolatilized in the furmnace or
melter and are mostly entrained as gaseous nuclides

into the off-gas. Entrained gaseous semivolatile nuc-

lides condense into particulate during off-gas cooling

period. Regardless of whether the wolatilized nuclides

condense by heterogeneous or homogeneous route,

they ultimately end up as submicron particles {17,

18]. Other route of radioactive aerosol source in was-
te thermal process is particle entrainment in the
off-gas. Nonvolatile nuclides such as Co and Mn are
entrained by combining with fly ash particles. Althoug-
h the smaller fly ash particle tends to become entrain-
ed in the off-gas, the entrained fly ash particles are

still relatively much larger than fine condensed sem-

ivolatile particle.

3.2. Errors Due to Anisokinetic Sampling

Gas flow patterns for isokinetic and anisokinetic
sampling conditions are shown in Fig. 2. Large errors
may resulted from anisokinetic operation of sampling
probes during aerosol sampling. The main reason for
this is that the large particles in high flow rate, be-
cause of their inertia, do not follow the changed gas
flow line due to anisokinetic sampling but tend to
continue on their original path. Therefore the more
difference between off-gas velocity v and suction vel-
ocity vs results in the greater sampling error.

The influence of particle inertia on the efficiency is



272

(a) Isokinetic (b) Underisokinetic (c) Overisokinetic
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Fig 2. Gas Flow Patterns for Isokinetic and Anisokinetic Sam-
pling Conditi

described as a function of velocity ratio between suc-
tion velocity w(ms™?) and off-gas velocity v(ms™), @
(=ve/w) and Stokes number, Stk(—); n=flew, Stk).
For large particle that has sufficient inertia, the Cun-
ningham correction factor can be regarded as unity
and thus the Stokes number is calculated from :

_BLézL”_s (2)

St%=T18u D,)

where potkgm3) is particle density, dy{m) particle di-
ameter, {kgm™'s™!) viscosity of the gas and Dy(m)
the probe diameter. For example calculation, we
employed here the method by Belyaev and Levin [8,
9]:

(0—12w+0.62)
(w Stt™'+2w+0.62)

7=1+ 3)
The calculated sampling efficiency # as function of
the Stokes number Stk for different velocity ratio w is
shown in Fig. 3. In this figure, several discussions can
be drawn ; We should try to make the velocity ratio w
close to unity, by adjusting the suction velocity v.. A
ratio smaller than unity causes smaller errors than a
ratio larger than unity. For a constant flow rate, an
increase of probe diameter D, reduces the Stokes
number. Therefore, when we measured particle size
distributions with a constant flow rate through cas-
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Fig 3. Aerosol Sampling Efficiencies with a Stokes number
for Given Suction Velocity Ratio

cade impactor, the diameter of the probe should be
enlarged. The errors become small since the impac-
tor probe sample from reduced flow gives a smaller
Stokes number. The sampling errors are also affected
by the gaseous composition of the aerosol as well as
temperature, since the Stokes number is a function
of gas density and viscosity. Since the sampling error-
s become less for smaller Stokes numbers, the higher
temperature will reduce sampling errors.

Several kinds of self-regulating isokinetic sampler
have been deweloped in order to cope with
ever-changing off-gas wvelocity. However, most of
them can not be properly installed to sample hot
process off-gas with high particle concentration since
they have originally developed for measurement of
dust emission in stack. Therefore we should continu-
ously check the fluctuation of off-gas velocity at sam-
pling position for future correction. We should con-
tinuously record off-gas linear welocity as well as sam-
pling flow rate, since sampling flow rate becomes lo-
wer than set sampling flow rate due to increased
pressure drop across sampling filter with sampling
time. If we know particle size distributions of investig-
ating aerosol, we can correct sampling error due to
anisokinetic sampling with velocity ratio. Even if there
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have been no developed available data for mass dis-
tributions of each nuclide according to the size of fly
ash particles, general consideration on the mechan-
isms of particle formation can be used for predicting
them in radwaste thermal process aerosol.

3.3. Correction Methods for Anisokinetic Sam-
pling

It is considered here that a sample probe with noz-
Zle cross section A, situated in a stack or in a duct
where the off-gas velocity is vy and the particulate

concentration is Cmg. If a sample is withdrawn throug-

h a probe nozze at a suction velocity u,, which is not
equal to v, a particulate mass mylkg) collected in a
sampling time tls) gives a sample particulate mass
flow rate Qms=m,/t. A sample concentration Cu.s
can be obtained as the ratio of the particulate mass
flow rate in the prabe Q,tkgs ") divided by the volu-
metric flow rate through the probe uA, :

Cos= A, @)
Normally the suction velocity becomes smaller than
originally set isokinetic sampling rate due to accumu-
lation of sampled particle, which increases pressure
drop across filter. If the suction velocity vs is smaller
than off-gas velocity v, or sampling is underisokinetic
as shown in Fig. 2(b), the volumetric flow rate of gas
is v.A and the particulate mass flow rate is v:ACmg
The flow rate that would have entered the probe if
sampling were isokinetic but does not enter is
vefe — UA,. The total mass flow rate of the particles
in this gas stream of the probe is {v34 —V.A)Cino. If
we assume that a fraction a{ —) of these particles has
sufficient inertia to diverge from gas streamlines and
enter the probe, the particle mass flow rate in the
probe is given by:

Q. s=VA,Cpp gt aCom (v Ap— vsAp) (5)

Egq. {5) is solved for Cn. with @, replaced by my/t,

RLTS

T
av Ayt (1~ avA, (6)

Comg=

Thus the relation between the measured concen-
tration Cps to the true concentration Cng is obtained
from Eq. (4) and (6),

Cpne=aCrm -Zi+(1 —-a)C,,, 7

A similar derivation gives identical equations for over-
isokinetic sampling, v:>>u,. For isokinetic sampling,
Eq. (7} gives the expected result Cms=Cn,. Badzioch
{19] applied impaction theory to derive a theoretical
expression for inertial parameter « in Eq. (7) :

L
1—exD(— Ad‘ )
a= 2 (8)

A

where L4 is the distance from the entrance to up-
stream of the probe at which the gas flow streamlines
begin to diverge from their normal path. Experimen-
tally determined A and Lu are given by the following
Egs. (9) and (10) [19].
(6= 0 )dpts
Y7

A= )

L,=C—-1.6D, (10)

where Ls and D, are both in centimeters. Eq. (10)
has 95% confidence limits when the parameters are
5.2 to 6.8 for the constant C and 1.0 to 2.2 for the
coefficient of D.

3.4. Sample Calculation

Density and viscosity of simulated vitrification mel-
ter off-gas with respect to temperature are shown in
Table 1. Simulated gas composition and the proper-
ties of incinerator off-gas, which are also shown in
Table 1, are used to calculate fractional deposition of
particle in the sample transport tube in the following
section. These transport properties were calculated by
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using the predicting methods proposed by Richard
[20]. The probe diameter and off-gas velocity were
taken to be 0.025m and 10m/sec, respectively. Ap-

Table 1. Simulated Off-gas Properties of Vifrification
Melter and Incinerator

off-gas source vitrification melter incinerator
simulated gas composition {vol %) [24]
Oz 11 7
Ne 32 70
CO: 50 12
H0 8 11
calculated properties (x 10°)
density viscosity density viscosity
at 1 atm (gem™ {gem™%7) (gem™) (gem™7Y)
and 373K 92 19 75 20
473 K 76 23 62 24
573K 64 26 53 27
673K 56 31 46 31
773K 50 34 41 34
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plied disturbance length La is 2cm by taking constant
C to be 6. Inertial parameters for each nuclides and
elements for vitrification melter aerosols [21] are cal-
culated by particle mass fraction w{—) and effective
inertial parameter « for ith size group.

a=2 w; a; (11)

The values of a of each element in vitrification melter
aerosol calculated in this manner are shown in Table
2. Average particle size of submicron particles were
taken to be 0.5 microns. Two important findings
from the calculation are that for most nonvolatile ele-
ments, a increases from about 0.3 to 0.6 as the tem-
perature decreases 873 K to 373 K and for semivol-
atile nudides (Cd, Cs and Te), inertial parameter o =0
and hence from Eq. (8) Cm:>Cnmg regardless of vel-
ocity ratio (v./vs). With given values of for nonvolatile
element or nuclides in Table 2, the true concen-
tration in the process off-gas Cmo can be determined

Table 2. Calculated Inertial Parameter for Vitrification Melter Aerosols

Average Size Distributions(um) a in Given Off-gas Temperature (K)
Element 16 6 1 <1 873 773 673 573 473
A 92 09 25 04 048 051 056 059 0.64
B 878 18 78 26 044 046 051 054 058
Ba 837 58 105 0 042 045 0.49 052 056
Ca 77.7 27 152 44 039 - 041 045 048 052
Cd 10.7 08 73 812 0.05 0.06 0.06 007 0.07
Ce 921 0 79 0 046 049 053 0.56 061
Cs 75 0 54 87.1 004 004 004 005 005
Fe 773 26 17 31 0.39 041 045 048 052
La 919 15 6.1 05 046 049 053 056 061
Li 832 15 53 10 042 044 048 051 055
Mg 915 16 58 11 046 048 053 056 061
Mn 894 64 36 0.6 045 048 052 056 0.60
Na 688 17 56 239 035 0.36 040 042 046
Nd 934 0 6.6 0 047 049 054 057 0.62
Se 569 19 114 298 029 0.30 033 035 0.38
Si 92 18 56 239 0.46 049 053 057 0.61
Sr 776 28 196 0 0.39 041 045 048 052
Te 55 04 32 909 0.03 003 0.03 0.04 004
Ti 912 18 6 1 046 048 0.53 056 0.61
Vi 91.6 16 56 12 046 048 053 0.56 0.61
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by anisokinetic sampling velocity ratio (ve/vs) and
measured concentration Cns by using Eq. (8).

3.5. Errors due to nonisoaxial sampling

Sampling errors can also be increased by nonisoax-

ial sampling. We can evaluated this effect by referring

to several works by Fuchs [22, 23], Durham and Lun-

dgren [24], and Tufto and Willeke [25]. Their com-
mon findings are as follows : the errors increase with
Stokes number and angle between flow direction and
nozzle direction of the probe;thick shape of the

probe also disturbs the flow field and will cause error-

s. It is more preferable to have a sharp edge at the
probe entrance and keep the wall as thin as possible
[26, 27].

4. Predictions of Particle Losses during
Transport of Aerosols

Sampled radioactive aerosol must be transported
to the site of the sample coflection filter. [t normally
flows small round tubes. We normally ignore mass
transfer such as volatilization and condensation be-
tween the gas and the particle phase, which can be
normally occurring radwaste combustion aerosols.
Even if we can ignore this small change in concen-
tration by mass transfer between condensed to gas
phase, the concentration of radicactive aerosol is still
changing because of particle losses to the inside walls
of sample transport tubes. The particle deposition
can occur due to following five mechanisms (28] ;

— Browninan Diffusion

— Gravitational Settling

—Inertial Deposition

— Electrostatic Collection

—Thermophoretic Effects

Among five mechanisms, we can reduce electrostatic
effect using well grounded metallic tubes and avoid

thermophoretic effects by maintaining isothermal con-

dition with external cooling or heating on the sam-
pling lines. Depositions due to other three mechan-
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isms, which we can not avoid more or less, depend
on the flow characteristics, geometry and especially
on particle size. These three effects are interdepen-
dent in some cases but are discussed here separated-
ly on two flow regime (laminar and turbulent). The
extent of aerosol particle deposition in a sampling
tube is defined here in terms of fractional deposition,
Fal—):

() e
Fy=1- —Ej— (12)
( Vg ) n
where m,/Vikg/m®) is particle mass in unit volume
of sample gas and subscripts ‘in’ and ‘out’ denote
the position of inlet and outlet of sample transport
tube, respectively. Estimation methods for Fs are sum-
marized here separatedly with sample flow character-
istics.

4.1. Prediction of F; in Laminar Flow
4.1.1. Gravitational Settling of Large Particle

Fractional deposition of relatively large particles by
the gravity settling on a horizontal tube wall in a lam-
inar flow regime is given by [29]:

2 1
Fy=0.637 [2¢(1—¢3) 2

1 2 1

+sin "' (1-¢°) %] (13)
with dimensionless parameter ¢ =0.375(L/r,)(us/u),
where L(m) is the tube length, r{m) the pipe radius,
u{m) setiling velocity and u(m) the mean gas vel-
ocity. Example plots for the gravitational depositions
according to the particle size with simulated off-gas
composition are shown in Fig. 4. Fractional deposi-
tions by gravitational settling increase with particle
size but it decrease with temperature elevation.

4.1.2. Brownian Diffusion in Laminar Flow

Very small particles mainly deposit in a laminar
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flow tube by the Brownian diffusion. In laminar flow
regime following Egs. {14) and (15) are generally ac-
cepted in given situations [30] :

for & < 0.02,
F;=1—0.819¢ %"
+0.097¢~ 2% +0.032¢ ¢ (14)
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for & > 0.02,

CFy=—2.568"%41.2640.17788® {15)

where ¢ =nDL/Q., Dim?%™") diffusion coefficient and
Qum® ™) the volumetric flowrate. Example plots for
the fractional deposition against particle diameter
and temperature in given gas velocity are shown in
Fig. 5. In laminar flow, fractional deposition by Brow-
nian diffusion increases with increase in temperature
but it decreases with increase in gas welocity or in-
crease in particle diameter.

4.2. Prediction of F4 in Turbulent Flow

In turbulent flow, Brownian diffusion is usually a
significant removal process only for a ultrafine partic-
les while inertial removal in tutbulent flows is effec-
tive for relatively large particles larger than 1um.
Brownian diffusion occurs when ultrafine particles dif-
fuse across to laminar sublayer and stick to the wall.
Inertial impaction occurs when particles have suf-
ficient inertia to penetrate through the fluid boundary
layer to the wall. Fractional deposition for turbulent

regime could be obtained by {31]:
Fo=1-exp(— 2220ty g

where v+ dimensionless particle deposition velocity
(=v/u.), D{m) tube diameter, vim/s} deposition vel-
ocity, u. friction velocity { =uff/2)*%), u gas velocity, f
(—) fanning friction factor (=0.316/(4Re"*)), and
L. (m) tube length.

4.2.1. Brownian Diffusion in Turbulent Flow

Predictions of particle deposition due to Brownian
diffusion under turbulent flow were made several aut-
hors. Davies [32] calculated deposition rate of partic-
les diffusing by Brownian motion and by eddy dif-
fusion. Equation for prediction of diffusion by Davis
is somewhat complicated. Wellk and Chamberlain
[33], Friedlander [34] and Brockmann [35] used the
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following simple equation for particle deposition vel-
ocity by diffusion;

0+4=0.25¢" VB Re™ 015 (17)

where v+« dimensionless deposition velocity due to
diffusion {va/u’), vim/s) deposition velocity due to
diffusion, Sc Schmidt number{ =v/D), v(m’™*) Kin-
ematic viscosity of the gas and D diffusion coefficient
of the particle. Example plots for Brownian and eddy
deposition in the turbulent flow is shown in Fig. 6.
The fractional deposition due to Brownian and eddy
diffusion, which is effective for small condensed par-
ticles such as Cd, Cs and Te, increases with decrease
in particle diameter but changes relatively little due to
changes in temperature or gas velocity.

4.2.2. Inertial Impaction

Friedlander and Johnston [36] and Liu and Agar-
wal [37] obtained a relation between a dimensionless
deposition velocity by inertial impaction v+ and rel-
axation time t+(—):

v, ;=0.00067% (18)

10 .
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Fig 7. Deposition of Particle Due to Turbulent limpaction

In Eq. (18) + has the following definition ;

265
=t (19)
with the relaxation time ©{ =dZprp./18v). Example
plot for fractional deposition due to turbulent impac-
tion are shown in Fig. 7. Particle losses due to iner-
tial impaction in turbulent flow increase with increase
in particle size or in temperature. For higher gas vel-
ocity and smaller particles, the temperature effect bec-
omes smaller.

4.3. Deposition in Tube Bend

It is sometimes necessary to use tube bends in or-
der to transport radioactive aerosol sample to radio-
activity detection instrument. In this situation, we can
also predict fractional deposition by Stokes number.
Cheng and Wang experimentally observed fractional
deposition in a 90° bend is equal to Stokes number
(38];

for large curvature ratio R (R=R./Rr>20), where Ry
and R, are radii of the bend and the probe, respect-
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ively. Eq. (20) can be accepted only for small Stokes
Number (Sx<0.1) and high velocity (Re)>1000). For
very low Reynolds numbers, Pui {39] suggested that

the Stokes number should be small in order to have

negligible particle losses in bends. For turbulent flow,
deposition in a bend occur both by turbulence and
by centrifugal forces. He observed experimentally the
fractional deposition in 90° bends under high trans-
port velocity condition and the expressions is as fol-
lows.

Fd= 1— 100.9&35[& (21)

Eq. (21) are plotted in Fig. 8. Particle losses in bends
increase with temperature and particle diameter. The
higher gas velocity also results in more particle losses
in bend. The Stokes number or transport velocity
should be kept small for large particles in order to
have negligiable particle depostion in bend.

5. Concluding Remarks
Mass distribution of entrained each radionuclide in

aerosol particles largely depends upon its entrained
mechanisms in the furnace or melter. As shown in

Table 2, semivolatile nuclides, Cd, Cs and Te end up
mostly as submicron particles while other nonwolatile
nuclides end up as relatively larger particles. In this
concern, we can roughly predict the size distributions
of aerosol particles including investigated nuclides ac-
cording to volatility characteristics. Aerosol particles
containing nonvolatile nuclides are large enough to
deviate from gas stream lines under anisokinetic con-
dition and their depositions accur by gravitational set-
tling or turbulent impaction according to sample tran-
sport velocity. Instead, particles containing semivolatil-
e nuclides are fine particles. Errors due to anisokin-
etic sampling of those fine particles are relatively
small but their depositions in the sample transport
tube are relatively large in normal sample transport
velocity. However, if we have the size distributions of
aerosol particles and mass transport properties of
off-gas such as density and viscosity, we can predict
or correct errors of sampling and transport according
to the methods discussed in this paper.
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