SNS COLLEGE OF TECHNOLOGY, cOIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 16 ME306/ Heat and Mass Transfer —
UNIT V - MASS TRANSFER
Topic - Tutorial steady state molecular diffusion

A fluidized coal reactor has been proposed for a new power plant. If operated at 1145 K.
the process will be limited by the diffusion of oxygen countercurrent to the carbon
dioxide. C0,, formed at the particle surface. Assume that the coal is pure solid carbon
with a density of 1.28 x 10®kg/m? that the particle is spherical with an initial diameter
of 1.5 % 10~* m(150pm). Air (21% On and79% N3) exists several diameters away from
the sphere. Under the conditions of the combustion process, the diffusivity of oxvgen in
the gas mixture at 1145 K is 1.3 x 10~%*cm*®/s. If a steady-state process is assumed,

19

calculate the time necessary to reduce the diameter of the carbon particle to 5 x
10~% m(50um). The surrounding air serves as an infinite source for Qs transfer, whereas
the oxidation of the carbon at the surface of the particle is the sink for Oz mass transfer.
The reaction at the surface is:

C(s) + 0.(g) — CO;(g)

Page 1 of 5



SNS COLLEGE OF TECHNOLOGY, cOIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 16 ME306/ Heat and Mass Transfer —
UNIT V - MASS TRANSFER
Topic - Tutorial steady state molecular diffusion

At the surface of the coal pariicle, the reaction is =0 rapid.
Sohition:

The pare carbon particls is the smuree for the CO, fhux and the sink for 0. o As the
coal pardcle is oxnidized. there will be an owipw of carbom as stipulaed by the
sinichdomery of the reaciion.

Mumber of melss of oxyzen ransfeamed = mmber of moles of carbon reacked
Mumber of meles ransfered of oxyEen = mols flux = area
Number of moles transferred of oxygen = Ny, e ¥ 2077
No. —mir 30 be obtained by using the gemeral differential equation with the Fick's
eguation as follows:

By applymz the following assumptons on the geperal diferential equation of mass
transfer:

de

1. Steady state oxygen diffosion I, Ome dimensional mass mansfer in 1 direction

3. Ho homogenous reacion 4. Instamtaneons heterogemeons reaction
.-.E'.ﬁr_._:{b

For diffusion of oxyzen in r-direction

14d

rrgr (" Mo} =0
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o (rN,,) =0

The above equation specifies that r*N,, is consiant ower the diffision path in the r
direction. so that

TEHU‘ r - RII‘II-G: »

Form Fick’s equation”

i¥ay !
Nﬂ: = _':'DI'J.: rlﬂ-'l:T:-I- -!":ﬁ‘h.{"lll'-':. +i "-"'-':]
But from the stoichiometry of the reaction
No, = —New,

i.2. equimalar counter diffiazion
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Ny r® {%} = =Dy eV, = 0)
N, T3 = —ReDy, iz Fo o
number of moles of cxygen transfered per unit time = Ny, x 4mr”
number of moles of oxygen transfered per unit time = —2uR Dy e Vo

The negative sign becanse the transfer of oxygen is in the opposite drection of T

- number of moles of carbon consumed per unit time = 40k cDy, e Vo
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By applying the law of conservation of mass on the carbon-
Input — output 4+ generation - consumption = accumulation(rate of change)

- consumpton = accumulation(rate of change)
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by mtegrating the above equation between the limuts:

gtt=10 R=R=75=x10""m
att=t R=R=25x10"m
P o
jdt T Mowt eDy, m..:}u‘,.j RdR
e (®-R)
2M.wt I:D'.:-: -qj_-.}lﬁ-m
= = 0.0106 kmal/m?
F—ﬁ— Jl!'“l'?'l-l'."....ﬂ'l-
Yo, =021
~t= 0925
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