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v . PROBLEM 14.19

KNOWN: Radius of coal particles burning in oxygen atmosphere of prescribed
pressure and temperature.

FIND: (a) Radial distributions of O, and COy, (b) O, molar consumption rate.

SCHEMATIC:
re=0.001m
) "0, (A)
T:1450K i CO2(B] .
latm Surface reaction: C+0;>CO,

-

ASSUMPTIONS: (1) One-dimensional, steady-state conditions, (2) Uniform total
molar concentration, (3) No homogeneous chemical reactions, (4) Coal is pure carbon,
(5) Surface reaction rate is infinite (hence concentration of Oy at surface, Cy, i zero),
(6) Constant Dug, (7) Perfect gas-behavior.

PROPERTIES: Table 4.8, CO; — Oyp: Dyap (273'K) = 0.14x107* m®/s; Dap (1450
K) = Dp (273 K)(1450/273)*/* = 1.71x107* m?®/s.

ANALYSIS: (a)For the assumed conditions, Equation 14.53 reduces to
L‘, d 2 dGA - ‘ ' ' .
: T =0
r?(d0,/dr) = C; or Oy = —(0y/r) + Cy.
From the boundary conditions:
Cplo)=0—+ C;=0

GA(I'u)-_—"O—" 0=—-C‘1/r°+0 cl =Cr°.

:-;: Hence, recognizing that C = C4 + Cp,
Cp = 0 = Clry/r) = C(1 - ro/r) Cp = O — Ca = Olro/r). <
a\

(b) The conditions correspond to equimolar, counter diffusion (N4 = -N§), with

dx ., Or
Nar = N'k'r47n"-! = —ODAB41r1'2_a$_ = —DA_B41r72_dTA. = —41FDA_Br'(+_rQ° ) = —47D,pyCr,.
With

p latm ~ - -3 2
O= e = - = 8.4056X10™ kmol/m
RT  8.208%107° m*atm/kmol"Kx1460 K oM

find
Na, = =1.71X10~* m?/ax47mx8.405%X10™ kmol/m?(10~* m)

Nj, = 181107 kmol/a. <]
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