Heat & Mass Transfer Chapter 17. Principle of diffusion & Mass transfer between Phases

2) Prediction of diffusivity

¢ For gases

Theory : D, = %ﬂ/l
where, U 1s average molar velocity, A 1s mean free path
Note,u %, ~ D, & %, D,, X P~constant (up to 1 atm)
* 7 oc TO5 ) oc T15
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Heat & Mass Transfer Chapter 17. Principle of diffusion & Mass transfer between Phases

2) Prediction of diffusivity

Chapman-Enskog equation (for binary equation)
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2) Prediction of diffusivity

For pore size diffusion

e Knudsen diffusion : Diffusion in VERY SMALL PORES

pore size << A, thus pore size determines the diffusivity
Dy =9,7007r,/T /M (for cylindrical pores)
* For intermediate-sized pores,

1 1 1
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2) Prediction of diffusivity

¢ For liquids

Avg. travel dst. btw. collision is VERY LOW (- A Jt =2 At EU & S)
therefore, D,, in liquids are much smaller than those in gases.

But Densities of : GASES << LIQUIDS (= @ atmos. pressure),
the fluxes for a given molar fraction gradient in liquid/gas may be nearly the same.

Stokes - Einstein equation : for Large & Spherical molecules in dilute solution

=> N2 =sE2= ot = (drag) 15

=> the simplest equation

D, =

T
~ 732x 101 — D, x
61T, U Tol vV
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2) Prediction of diffusivity

Wilke-Chang equation : for solutes of small to moderate size,
=>the D, (l) becomes greater as the drag is less than predicted

» the empirical equation is:

T\/ lpBMB Dv X V1/6

V£6,Ll

D,=74x%1078

A: solute, B: solvent

1 p: association parameter (to be given)
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17.2 Turbulent diffusion

Turbulent = Eddies transport matter ! (transfer momentum & heat energy)

/ o
Am — Fv dz
» Diffusivity, physical property
dc,
Jar = —€p dz
Eddie Diffusivity of mass

NOT physical property
BUT flow pattern

\ 4

C
Ja = Jam+ Jax = —(Dotep) —=

.



Heat & Mass Transfer

Chapter 17. Principle of diffusion & Mass transfer between Phases

17.3 Mass transfer coefficient

For gases For liquids
NA X ACA NA = kCACA - kyAyA NA — kCACA
oo ky = kCC - kCCAxA — kxAxA
NA — 1{_CACA NA = kGAPA o kx — kCC
L Mass transfer coefficient [m/s] — kC km ol /m 'S
7 RT| N/m"2
Phase 1 Phase 2
A >
b B
) ACy Aya
Na = D”T(z D”CT)
CAi\ D
Y ?” : mass transfer coefficient
6 (film thickness)
Film theory

.
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17.3 Mass transfer coefficient

(D equimolar diffusion
* NA — kCACA — kyAyA

Dy Dy
[ kC:?’ky:?.C(:kC.C)

2 one-way diffusion
* NA = kéACA = k;,AyA

C AC 1 AC
* Ny =Dy —=—= - Voo -
(C—Ca)m 6 (1-Ya)m 6
1 Ay a
— vC
b (i_J’A)m 5 .
. kL= s k= ke
¢ f) (é_YA)lm ¢ ¢ (1_3’A)7{1

kl — v° ,_"> kl — k -
y § (1-Ya)m Y y(l_YA)m

ky ke C (1-Ya)m
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