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Abstract

In this study, an analytical expression for aerosol mass transfer at spherical collector in the low Knudsen number

region was obtained. Happel’s zero shear stress cell model was extended in the low Knudsen number region and

the result was compared with numerical solution results. The zero vorticity model based on the Kuwabara’s cell

model was also extended in the low Knudsen number region and compared with Happel’s results. The results

showed that both analytic and numerical solution agree very well with each other in low Knudsen number region.

Happel’s zero shear stress model also agrees with Kuwabara’s zero vorticity model without significant loss of

accuracy. The obtained solution converges to the original solution of Lee er al. (1999) when Knudsen number

approaches to zero. Subsequently, this study derived most general type of analytic solution for aerosol mass

transfer of spherical collector including the finite Knudsen number region.
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THRE TR EEe gldm iR s o474 o] 7T (cel)2] ZAA A Kuwabara (1959)% <}
ax= §A A Fo WA, b= 7T (cell) £ 7 A = (vorticity)7} 0o} ¥v}ar 7}AS+ 3, Happel
9] WA, o= 278 (packing density) 3, £]& 737 (1958)2 Zwh2- (Shear Stress)o] 0o] Fehy 7}A
278 vEple M o 2T B3l (= sk o) AAZR % FeedAE e =
a*lb¥ye) et 2 A& 1y = 13 2.

Table 1. Flow field of Happels’s zero shear stress and Kuwabara’s zero vorticity model in the low Knudsen number

region.
Happel (1958) Kuwabara (1959)
r=a V.=0,Vy,= C,,,lo,.g
u
_ _ (Ve 3v,.>7 _ Ve, VY,
r=b = <¢9r r+r86 =0 o= 3r+r 0
—Va® —Va3[1 —3a<1 —3c,,,&>]
A=———— A 5 a
4 <H"+3C"'ZH’*> 4 <K+3C,,,%R>
S/3 S/? >“
3Va|l+23c +2C,,, ) 3Va|1+2C,, =
a
= n B=——3
4<HA+3C,,,—HR> 4<K+3C,,,~R>
Flow field a
I —v[i+8e3c, 2]
Cc= T C= A_x_f
2<Hk+3C,,,;HR> <K+ 3C,~ R>
53 A
— Vo —3Va|l+2C,—
b=—"—" 3 p=— — 4
R A =
da (H"“C’" a H"’> 20(12<K+ 3c,,%k>
XK—I—? o'+ a— az,R:l*g 1/3+ ol HK—I——oc‘”jL "awka He=(—q 1/1)(] 5/x
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Kn=219

S@“\

7
\w,ﬂ/
(a) Kuwabara model (b) Happel model
(Vorticity distribution) (Shear stress distribution)

Fig. 1. Comparison of the vorticity distribution in Kuwabara model and shear stress distribution in Happel model
between zero and finite Knudsen number.
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Fig. 2. The mean free path of air as a function of pres-
sure and temperature.

{c) Kuwabara flow (Kn = 0.2)

dutd ez C, & 12 7}Asl2= (BEckert and Drake,
1959), £ dpoAM = rjudd AL 12 sige
2 12 $-22 Ao A Al 4 (Kn = Aa)2 003
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(d) Kuwabara flow (Kn = 2)

Fig. 3. Comparison of the flow field in the zero and finite Knudsen number region.
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Fig. 4. Comparison of the flow field between Kuwabara and Happel model at different Knudsen number.
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Fig. 5. Comparison of the aerosol mass transfer rate

between Happel and Kuwabara model in low
Knudsen number region.
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Fig. 6. Comparison of the mass transfer rate between
numerical and analytic solution in the case of
zero and finite Knudsen number for Happel’'s cell

model.
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