Chap. 25. Differential equations of mass transfer
mass balance for control volume ~ continuity equation
1. Differential equation for mass transfer
- the conservation of mass for multi-component system
- molecular diffusion
- bulk motion

- control volume method
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For species A, mass flux ;A= 04 Va
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For species B in a binary system ( A & B ), similarly
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2. Special forms of the differential mass-transfer equation
- Objective: A2 TEk F, TEEEE AFHoZE 7317 918 2d4 74
- Basics: Fick’s equation for binary system

Na=—C DV yat val Not Np)
or ?VAz_CDABV ya+t CA7

(ZAFolF) (bulko]-F)
Na=—0DagV wat wa( na+ np)=—0DagV wat 0av
- Continuity equation : V- on A-I-antA— r4=0

- Differential mass-transfer equation
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Simplified forms under specific assumptions
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D(-) _ d(
Dt 0
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iii) without production & accumulation in steady state( ﬂﬁl =0)

vZc, = (0 : Laplace equation



- Laplace Operator
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3. Boundary conditions

Vv — geometry ( surface or volume ) : boundary conditions

/R L .
It ot time setup : initial condition

- kinds of boundary

i) fixed boundary: constant value of concentration at the surface
CaA= Ca, () Ya=Ya,

cf) pa=pp=yaP

ii) free boundary: constant mass flux at the surface
>, >, aCA — —
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ex) zero on impermentable surface
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iii) chemical reaction : instantaneous reaction at a surface
Njy=—k.ca, ( first - order reaction )

iv) flowing system near the surface : convective mass transfer

Ny=—Fk.( CAI_CAM)



- Quantitative methods to find concentration distribution
Step 1: Draw a schematics of the system
Step 2: Make a list of assumptions

Step 3: Mathematical formulation in a proper coordinate ( modeling under mass balance )
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Governing equation ( ex.: % =D ABWC;A)
Step 4: Boundary conditions and initial condition

0<x<L ca=cy at x=(0 — surface boundary

0
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c=cCy, at ¢={() initial condition

Step 5: Solution co=cu( t, x)

Example 2 Combustion of carbon and oxygen transfer
chemical reaction at the carbon surface: 3C + 20, — 2CO + CO,

oxygen diffusion through air film near the flat surface of carbon in a steady-state process
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mass balance equation: v - m:—i— ar Ro,=0 — 7 =( under proper assumptions
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