1D Equation. Other forms see below

Cheatsheet: Pre-midterm Mass Transfer

(Flux Equation (Solving NA)\\

d N
_CTDAB% Hz4(N4g + Np)

Ny

Diffusive J 4, Convective AV,
Solutions Gas, Steady State (Gen=Acc=0)

General solution
crD aB Ny

Ny =
(22 —21) Na+ NB

Na—za40(Ny+ NB)]
N4y — 24 (Ng+ Np)

Suitable: boundary of heterogeneous reaction

Special case 1: EMCD
Dap

(Zz - 21)

Ny = (ca1 — ca2)

Special case 2: Through stagnant B

Ny = crDaB ln< 11—z >
(22 — 1) 1 -z

Use log-mean format

Dyg T

Ny =
RT(Z2 - 21) PBm

(pA1 - pA2)

Special case 3: reactive coupling
Use general solution, need N,/Nj ratio & sign

Na
N

Magnitude ratio
NA/m = NB/I’)

NA<_
Ng —

Stoichiometry

mA— nB

\__Sign: determined from boundary condition )

(" )

Mass Balance Equation

[In] — [Out]| + [Gen| = [Acc]

NA(2)A(Z) - Na(z+AZ2)A(z+Az) |+ s(Az) =|dc,/dt

Control Volume

s iSurface area
Cross ‘A,
section Na(z) i . PP Ny(z+A2)
A é\ i
—>
\ 7 z z+tAz /
4Diffusivity Dps Lig: Stokes-Einstein
Gas: Kinetic theory (Mw > 1000)
Dyp = lﬂ)\A,B Dap — 9.96 x 10 1°T
3 771/1((1)4333

Lig: Wilke-Change
(278 K~ 313 K)
_ 1173 10719 (¢ Mp)'/2 T
nBV£.6
Inhom. Solid: effective

Gas: Chapman-Enskog
1.8583 x 10~ 7T3/2 < 11 )%
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Gas: Fuller method
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(Liquid / solid common case (like stagnant B)
Dapcaav (za1 — T 42)
(22 — 21)

Solid case xg,, ~ 1
qu dllute case XBm ~ (XB1 + XBz)/z

-

J
\
B2 — TB1

Ny = Bm —
4 hl(mBz/a?Bl)

ZLBm

J

gGeneration term / orthogonal M.T. N

Coefficient - driving force form
Example: (details see review after mid-term)

r4 = k(cas —ca)
Coeff Driving force
\ Unit m/s Concentration diff

J
(Unsteady state dc,/dt # 0 N

1D uniform cross sectional area (remove Az)

Oc ON4(z
A _ A( ) |z 4y
ot 0z
3D general term
dca _ ONay ONay 0Ny,
ot oz dy 0z
=rq—V- NA

Most used form: incompressible liquid

8CA

ot
likely diffusion can be ignored

= DABV2CA —Em -Veg+ra

(\/arying cross section problem
N, can vary! Steady state use IVA = Nu(2)A(
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Gen = 0. Spherical case (stagnant B)

&(i B i) N DABpT1n<pT —pA2>
1 T2

4m RT Pr —Pa1
Gen = 0. Spherical case (far field stagnant B
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