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mean size and 1.49 for the radius of gyration. Since the acetylene
burner used in this and Samson’s study is e same, Samson’s results

on the power law relationship for the agglomerates will be used

here.

I.2 Aerodynamic Behavior of Aerosol Particles

The particle equation of motion is given by

m = -vB - SF. (1.3)

where m is the partic. mass, v is the particle ve¢ »>city relative to
the fluid velocity, B is the particle mobility, and F,'s are
external forces. External forces include gravitation and
electrical forces. Drag force is given by * e particle mobility
times the velocity, Stokes law for the drag force can be used for
spheres when non-continuum effects of the fluid can be ignored. The
drag force is not considered an external force. Particle-] -ticle

interactions can usually be ignored.

The Stokes-Einstein equation for particle diffusion is

1, fal
p- L (1.4)

where D is the particle diffusion coefficient, T ; abst 1

temperature, C is the C nir "am slip cor: o,






electric field. v _/E_ is called the electrice mobility (Zp) of the

particle.

When an air stream carrying particles changes direction
suddenly, the inertia of the particles tends to carry the particles
along the original path. The distance the particles travel in - e
original direction is given by the stoppir :ance of

particle. The stopping distance (x) is defined as

X = v.,/7 €

v is the original velocity, and 7 is the particle r ~ixation ti

x 0

which is given by the product of the particle mass and mobility (B).
A cascade impactor separates particles acct 1i ; to t
inertial properties. Gravitational settling is also related to the

particle relaxation time.

For spherical particles, Stokes law with e Cunn gham slip

correction factor adequately predicts the frictione resist: e.
Problems arise when trying to describe the aerodynamic | o>pertic ¢
non-spherical particles. It would be useful to relate the

measurements from diffusion batteries, electrostatic classifiers,

cascade impactors and other instri ents to the structure of non-

spherical particles.
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Figure 11.4. Schematic diagram ¢ the thermal precipit :or.
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particle concentrations and particle growth and agglomeration

accounting for increases in the average size.

31

















































different conditions are not quite clear and it is beyond the scope

of this thesis to try to explain the reasons.
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Figure V.1. Electron micrograph at a magnification of 9700X of
soot agglomerates ¢ .lected with the thermal
precipitator. The .etylene flow r. s . 5

cc/min.
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Magnification Sample size Log mean size
(pm)
9700X 24 0.1284
- 27 0.1538
- 24 0.1885
- 20 0.1322
- 26 0.1706
- 27 0.1982
- 35 0. 557
2100X 26 0.7092
- 52 0.6076
- 35 0. 62
- 33 0.6229
- 53 0.72:
- 40 0. u
- 47 0.7056
490X 7 1.297
- 26 1.461
- 16 1.248
- 18 1.746
- 17 1.249
- 16 1.439
- 23 1.454
- 17 1.594
- 21 1.4(
- 28 1.274
Table V.1. Log mean size and geometric standard deviation

of different fields of view from electron
microscopy (acetylene flow rate 39.5 cc/min).
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Sample Magnification Sample Size Log Mean Size o
(pm)

1 50X 196 58.9 1
1 200X 103 4b s n
2 50X 255 72 .9 1
2 200X 99 397 )
3 50X 173 76 .2

Table V.2. Log mean size and ge« :tric stanc :d wviat »p

of different samples ftrom optical microscopy
(acetylene flow rat 67.5 cc/n 1).
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Figure V.16. Optical micrograph of soot impacted on stage 1 of the
Anderson cascade impactor. The magnification is
200X.



Figure V.17. Optical micrograph of soot impacted on stage 3 of the
Anderson cascade impac r. The magnification is
200X.
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Figure V.18. Optical micrograph of soot impacted on stage 6 of the
Anderson cascade i ‘actor. The agnification is

200X.



Stage Aerodynamic Log Mean o Apparent Mean Aspect

Diameter Size ensity Ratio
pm pm g/cc
1 11.0 36.0 1.72 0.094 1.65
2 8.1 26.6 1.66 0.093 1.46
3 4.7 15.9 1.69 0.088 1.66
4 3.0 10.9 .73 0.076 .65
5 1.6 6.6 1.68 .059 N
6 0.9 4.2 2.05 0. 6 .97
7 0.5 2.7 1.66 0.034 ’
Table V.3. Agglomerate size measurements of inertial 7 ac 1

soot (acetylene { >w rate 67.5 cc/min).
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Figure V ‘e distribution of soot parti ylene flow rate of 33.5
cc/min. d triangles correspond to tu a with different

dilution



and 0.0138 um with o,'s of 1.33 and 1.26 respectively.

For the particles at the three higher fuel flow rates, there is

ambiguity in interpretation of the measurements due to multiple

charging. To relate these data to size distributions requires t

assumption of charging theories. Since for later analysis, the

electrical mobility equivalent size distribution is required, the

mobility distributions will be inverted to size ribut >ns by

making an assumption of the charge distr: ution of ¢ 1isters.

Because of the lack of experimente: data, e asst  tic i i

that the clusters obtain a steady state charge dist i :ion

equivalent to the Boltzmann distribution. part :xle di eter

used in the charge distribution is the electrical mobility

equivalent diameter.

The corresponding size distributions for the three differ ¢t

fuel flow rates are plotted in Figure V.24. The log mean electrice¢

mobility diameters are 0.235, 0.350, 0.390 um with as’s of 1.65,

1.57, 1.68 for the fuel flow rates corresponding to 39.5, 43.3, and

67.5 cc/min.

90









Stage Anderson Rao and Wt :by

(pm) (pm)
0 11 -
1 7 11
2 4.7 6
3 3.3 3.7
4 2.1 2.4
5 1.1 -
6 0.7 -
7 0.4 -
Table VI.1. Aerodynamic cutoff diameters of the Anderson

model 2000 cascade impactor.









Collection Surface Mass Median Diameter o

(um)
glass fiber 0.80 A
glass fiber 0.72 3.7
uncoated alum. foil 0.19 5.3
uncoated alum. foil 0.20 7.3
coated alum. foil 0.51 3.6
coated alum. foil 0.33 4
coated alum. foil 0.52 4.5
coated alum. foil : 3.7
Table VI.2. Mass median aerodynamic di :ters and geometric

standard deviations of impacted soot with different
collection surfaces (acetylene flow rate 43.3
cc/min) .
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Fuel Flow Rate Mass Median Aerodynamic o

(cc/min) Diameter (um)

39.5 0.28 5.4
- 0.38 5.0
- 0.23 20
- 0.46 10
- 0.24 3.8

43.3 0.56 9
- 0.59 14
- 0.46 8.5
- 0.43 14

51.0 0.72 -

59.0 2.4 -

- 3.8 -

67.5 8.5 -

- 7.2 -
- 9.6 -
- 9.0 -
- 6.4 -
- 8.2 -
- 8.5 -
Table VI.3. Mass median aerodynamic diameters and geometric

standard deviation of impacted soot at different
fuel flow rates ( a dash a1 the o_ column signifies
that the data does not fit a log-normal distribution
well).
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of five. Table VI.4 gives the soot emission for measurements at

three different fuel flow rates.

In conclusion, the mass median aerodynamic diameter of soot
clusters was measured at different fue settings, and was found to
be a strong function of the fuel flow rate. Particle unce and re-
entrainment of soot particles is expected to have an effect on the
mass median diameter above loadings of 2 mg per stage. i action
surface coated with silicone oil appears to 1i t particle ¢ ce

and re-entrainment.



Acetylene Flow Rate Soot Yield
(cc/min) (grams soot/grams fuel)
39.5 .008
.011
.008
.014
.015
.015
.034
.042
.029
L
.034
.042
.0
- .085
.069
.0
.072

i
(V)
(%)
o NeBeNoeNeNeNeNeNeNe oo Neo)

.074
.088
.077
.069

'
QOO OO OO OOO0

Table VI.4. Soot yield at different acetylene flow rates.






























Acetylene Rod Voltage Electrical Mobi! ty  Volume Equivalent

Flow Rate Equivalent I imeter Di. :ter
(cc/min) (volts) (pm) (pm)
39.5 500 0.11 0.117
- 750 0.14 0.141
- 1000 0.165 0.161
- 1500 0.21 0.
- 3000 0.35 2
43.3 1000 0.165 0. 33
- 1500 0.2 ) '0
- 3000 .350
- 5000 0.510 !
67.5 1000 0.165 0.210
- 3000 0.350 0.250
- 5000 0.510 0.270
- 7500 0.720 0.36
- 10000 0.920 0.42
Table VII.I. Volume equivalent di: :ter of electrical mobility
classified soot : different rod voltages 1d

acetylene flow rates.





















Acetylene Rod Voltage Unprocessed Processed % Change

Flow Rate Equivalent Equivaler
Diameter Diameter
(cc/min) (volts) (um) (pm)
39.5 4000 0.20 0.17 p
- 8000 0.32 29 9
43.3 4000 0.20 19 5
- 4000 0.20 0. 1
- 8000 .o 9
- 8000 0.32 0.30 6
Table VII.2. Electrical mobility equive :nt zters of
condensation/evaporation cycle cuctured

agglomerates.



soot. The average reduction in electrical >bility equivalent
diameter was 10%. The shift in the peak mobility is insensit rse to
multiple charged particles since the fraction of multiple charged

particles is small.































































Acetylene Rod Voltage Measured Predicted

Flow Rate (volts) Dve_  (um) Dve = (pm)
(cc/min)
39.5 500 0.117 0.121
- 750 0.141 0.139
- 1000 0. 51
- 1500 0.18 0 58
- 3000 0.2 .3
43.3 1000 0.193 0.0
- 15 0.22 0. 9
- 3000 0.25
67.5 1000 0.: 0.17
- 3000 0.25 0.22
Table VIII.1. Predicted mean volume equivalent diamter (Dve_)

of electrical mobility classified agglomerates.
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be predicted by relating the calculated cluster relaxation t: : to
the relaxation time of an equivalent spherical particle of unit
density. If a fractal dimension of 2.0 is assumed for the
agglomerates, the model predicts that the aerodynamic .ameter is
proportional to the square root of the geometric mean size. This

prediction does not compare well wi  the measured values. 1

model calculation is plotted on the same Figure ( ) as e
measured values. The solid line is the model re ic v ile the
dashed line passing through the data points c¢ respc ; to the

measured results.

The apparent density of the impacte s t agg »rmerates is
relatively constant over a wide range of af-lomerate sizes. ' e
apparent density decreases somewhat as the agglomerate sizes
decrease. The experimental data is consistent with a Stokes drag

expression using the agglomerate radius and a constant density of

0.1 g/cec.
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fraction of particles may have coalesced wl :h wou 1 account for the

slight overestimation of the monodisperse size.
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