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PN 8.2#* For.any spherical particle V= D' A=aD* m=pV
. 3y o5
m —pY 0 _76‘7_ e P

: A 6 30.5 cm fit?
For a 1 cm diameter particle, — = b e = 2.93—13
o a
ft

A it acres
and for the other two sizes,if D =1y, —= 29,300— = 0.7 -

m Ib Ib

A ft? acres
and if D = 0.01, —~=293E6— =70

m Ib b

One may also compute that for any size particle
mass _m  number 6

ber = - , 2
S omme T p? mass pnD’
£ 6

The number of particles for 1 cm diameter is
number _ 6 _(30.5-cm)3 _870

Hags 62.3%1—)3— (1 cm)’ ft Ib
For 1 pit is 8.7 E4 particles per pound and for 0.01 pitis 8.7 E20 particles per pound.

N 8.4%* If we assume that then density of the coal and that of the ash are the same (only a
mediocre assumption) then we can compute

3
m,. ( o J 1
—Tah —(.1=|—2b| =(0.1)3=046; D, =100u-0.46 =46
mparu'cle particle

The smaller particles are partly formed by vaporization and subsequent condensation of
volatile materials in the coal (as discussed in the text) and by the fact that the ash is not
uniformly distributed in the coal. When the coal is ground to 100 particles, some will be
mostly ash, some practically zero ash. However, to form a 1 p ash particle on burning one

would need a 100 p coal particle which had 10-6 weight fraction = 0.0001 wt% ash. That
is fairly unlikely, so the 1 p particles must be mostly the products of vaporization and
condensation. If one uses s.g. = 2, one computes an ash particle diameter of 37 p.
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‘Dt\} 8.8** (a) From inside the back cover, the mass of a cubic foot of gas is 0.075 Ib. The
mass of particles is (100/7000) = 0.0143 1b, so the ratio is

wt pamcle's = 0.0143 0160 = 16%
wt (gas + particles)  (0.075+0.0143)

grains 0.065 g 35.29 ft®

b 100
®) ft’ grain m’

=229

o
e
3
m

(c) The mass of one particle 1s

m, =pV=p=D' =22

- -5-(1E-3cm)3--—lb—:2.31~:-12 Ibm
6 cm® 6 : 454

g

so that the number of particles is

0.0143—12— .
AP M, oral = ft =076 parthIGS
me e ft’
particle

(d) The logical guesses are a grain of sand or a grain of wheat. If we assume a specific
gravity of 1 we can compute the diameter of a sphere which weights a grain, finding

1/3 1/3
0 :(9-—1—}317—090—3) —0.0163 ft = 0.196 in = 4.99 mm
7 p 7 62310/t

This is much too large for sand, about right for wheat. Hence wheat is the most likely
grain on which this measurement is based.

(e) In the US aspirin tablets are 5 grains. (Ibuprofen and acetomenaphin, which are more
recent pain killers are labeled in mg!) The loadings in bullets are measured in grains. Older
air conditioning charts all gave humidity in grains/per pound of dry air. Water hardness is
often expressed in grains/gallon. A scruple is defined as 20 grains. Presumably someone
who is unscrupulous doesn't give 20 grains! A grain is about 65 mg. In metric countries
(and most US pharmaceuticals) the mg is the common small unit of mass.

DN 8.12 (a) For Kp = 0.3, Stokes law gives C;z = 80, so Eq. (8.7) gives
Cp, =80-(1+0.14(0.3)7) = 80 (1.060) = 84.8

(b) This is 1.06 times the Stokes' law value, so Eq. (8.7) gives a value 6% larger than
Stokes' law.

j7§8.26** Here one can simply extrapolate, or one can be clever and see the symmetry
property (Dso/D1o = Doo/Ds( etc.) and use that to get out of the extrapolation by reading

the values for 90% and 99%. But the best approach is to learn use the table and thus
calculate the values.

Zopi= 128 2 =-732 {(Bothifrom Tab. 8.3)
Dy, = D, exp(z0) =20 pexp(—1.28-1.25) = 4.04 u
D,, =20pexp(-2.32-1.25)=1.1p
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8.5

. DI%pngc
T Ik
D,, pm Ce v,, cm s’
0.05 4.95 9.86% 105
0.1 2.85 2.27x104
0.5 1.326 2.64%10-3
1.0 1.164 027x103

The stop distance of a particle moving with velocity V is (see 8. 102)

Sp =7l

where V=1 m s-1 in this case. The characteristic relaxation time is given by (8.38)
m,C,
37rqu

In this case m, = ppéan =1500 ﬁ% %n(10"6)3 m’ =7.85x 10710 kg

T =

‘Cc=1.164 (see Table 8.3)

n=1.72x 104 poise=1.72x 10-5 Pa s (see Table A.7)
D,=106m

and 1=5.6x106 s

The stopping distance is then s5,=5.6 X 10-6x 1 m=5.6 pm.
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£=980 cm s-2

pp=1 gcm-3

p=1.199x103 g cm-3

A=0.065 pm
e Pp8D;C
. 18u

Diameter range (see Pruppacher and Klett):

(1) 0.5 um< D, <19 um

(2) 19 um< D, <1070 um

The correlation of Beard (1976) on p- 323 of Pruppacher and Klett can be used. (Not

Use above formula.

required in problem statement but given here for comparison.)

Y =-3.18657 +0.992696 X — 0.00153193X2 — 9.87059 x 10~* X3
~5.78878x 107 X* +8.55176 x 105 X5 —3.27815 x 10~6 X6

X =1n(Da)

The result is given below and shown in Figure P8.4-1. Deviations between the settling

velocities by the more comprehensive Beard formula begin to appear for Dp>100 pm.

Terminal Settling Velocities of Water Drops in Still Air at T=283 K

URe
v, =

pb,
Re = C'CeY

Da

_4p(p, ~ p)eD;

3;12

Dp, pm vpemsl v, gopes, cms]

1 355x102 3.55x10-3
2 1.32x102 1.32x10-2
- 7.88x 102 7.88x102

10 0.310 0.310

20 ol 1.23

40 4.80 4.90

60 10.3 11.02

80 17.4 19.5

-

o
-~

i 4
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