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The Heat/Mass Transfer Analogy R e e

mass < Theoretical
— . .
. . n 8 . a model of the situation;
Example: A spherical medical pill dissolves slowly can be solved for flux, and thus for ky
. . . ¢ All models have assumptions; how
in a stagnant fluid (water). What is the mass good the assumptionsare determine
I . how good the correlationsare
tra nSfer COfoIClent kC? What IS the SherWOOd » The heat-transfer analogy counts as a

theoretical pathway

number for this situation?

stagnant
fluid
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e EQuation of Species Mass Balance in Terms of Molar
Dcms.nmﬁmmw~ no_am.nm 1] ﬁ.b\:w. For binary systems, and Fick’s law has been incorporated. Good

for low density gases at constant temperature and pressure.

Microscopic species mass balance, constant thermal conductivity; Gibbs notation
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Microscopic species mass balance, constant thermal conductivity; Cartesian coordinates
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Microscopic species mass balance, constant thermal conductivity; cylindrical coordinates

ox 10/ ox 10%x, 0%
. A ;v . 2+ (xgR4 — x4Rp)

c\mrt+or—— t+t—— +v,— | =cDyp | -—(r—| + =
r z AB\ror\ or 2 562 022

Microscopic species mass balance, constant thermal conductivity; spherical coordinates
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Ja = molar flux r Ho?ﬂb:o_mﬁ average velocity, v* ?::..m“ Jal=] N$v
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.\.\.\.’m oo
= a4 = Ja + cqv* = combined molar flux relative to stationary coordinates 00“

V4 = velocity of species 4 in a mixture, i.e. average velocity of all molecules of species A within a small volume

= X4V4 + xgVp = molar average velocity

IS

Reference: R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2™ edition, Wiley, 2002.
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e Equation of Species Mass Balance, constant pD 4. forbinary

systems, and Fick’s law has been incorporated. Good for dilute liquid solutions at constant temperature and

pressure.

Microscopic species mass balance, constant thermal conductivity; Gibbs notation
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Microscopic species mass balance, constant thermal conductivity; Cartesian coordinates
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Microscopic species mass balance, constant thermal conductivity; cylindrical coordinates
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Microscopic species mass balance, constant thermal conductivity; spherical coordinates
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T A ) = Im w,) Acanm. nﬁlu mol mix _”IH_ mass mix c HI“_ mol A _” g F
A A= Pa p@a ' vol soln iP vol soln ' A vol mo§.b> vol soln <
- . . p " . . mass A
Ja = mass flux of species A relative to a mixture’s mass average velocity, v (units: j4[=] § w
= pa(va —v) M
Jat+Jp = 0, i.e. these fluxes are measured relative to the mixture’s center of mass e
Ny = paVy = Ja + pav = combined mass flux relative to stationary coordinates
ny+ng =py w
V4 = velocity of species 4 in a mixture, i.e. average velocity of all molecules of species A within a small volume
V = wpVs + wpVp = mass average velocity; same velocity as in the microscopic momentum and energy balances

Reference: R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2™ edition, Wiley, 2002.
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