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25}7 (3). In a tubular hot-wall type chemical vapor deposition (CVD)
() . . . . . .
reactor as shown in Fig. 4, ultrafine particles (particles with
nanometer size) are formed in the gas phase at the inlet of the
reactor and are transferred by the gas stream into the
downstream of the reactor. During the transportation, the particles
also diffuse to the reactor wall and deposit to form films. The
problem of diffusion to the wall of a pipe from a laminar flow is
formally identical with the heat transfer (Graetz) problem if the
particle size is quite small compared with the pipe size. We can
treat this problem by considering the steady-state equation of
diffusion in cylindrical coordinates for a fully developed parabolic
velocity profile as

2

G =D TEEDLIT

where u = 2u,4y[1-(#/R)?2] and N is the particle concentration, Dy is
the particle diffusion coefficient. The boundary conditions are

N=No(r<R) whenx=0 2)

N=0 when r =R 3)
where Ny is the particle concentration at the beginning of diffusion
and R is the radius of the reactor. If 92N/9x2 can be neglected, Eq.

(1) becomes
oN _ d(r(odN/or))
“ox T Dyl ror 1@

Using the boundary conditions of Eqs. (2) and (3), the solution of
Eq. (4) has the following form.

S0 3 KiuDexpl-Bi ) Perl  (5)

0 =0
where K; are constants of integration, B; are the eigenvalues,
®[(r/R) are the corresponding eigenfunctions and Peg is the Peclet
number defined as u4,/(Dy/2R).
Question 1: Find the mass-transfer flux of the particles at the
wall surface?
Question 2: If the untrafine particles may stick on the reactor
wall and form deposition and the deposition rate is proportional to
the mass-transfer flux, then the deposition profile along the axial
direction (x-axis) can be determined. Note that the eigenvalues
and constants for these infinite series are given in Table 1. Under
what kind of condition can only the first term (I = 0) of great
significance? Please check the axial (x-axis) position that can fulfill
the quick convergence condition for ug, = 28.9 m/s, D, = 2.03 x 10
3 m?/s, R=3.35 mm?




Table 1. Infinite-series solution functions for the
tubular tube.

I B ; -(Kil2) @r(1)
0 7.312 0.749
1 44 .62 0.544
2 113.8 0.463
3 215.2 0414
4 348.5 0.382

@7(1) is the first order derivative of ®(r/R) atr=R
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Fig. 4 Diffusion of untrafine particles
in a tubular reactor

)j 2 (4). A machine operator in a workshop complains that the air-
heating system is not keeping the air at the required minimum
temperature of 20 °C. To support his claim, he shows that a
mercury-in-glass thermometer suspended from a roof truss reads
only 17 °C. The roof and walls of the workshop are made of
corrugated iron and are no insulated; when the thermometer is
held against the wall, it reads only 5 °C. If the average connective
heat transfer coefficient for the suspended thermometer is
estimated to be 10 W/(m2-K), what is the true air temperature? (if
the thermometer can be modeled as a small gray body in large,
nearly black surroundings at 5 °C,the emittance for Pyrex glass is

e = 0.8, and the Stefan-Boltzmann constant ¢ = 5.67 x 10-8 W/(m?2-

K9)
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