BASED ON MASS FRACTIONS

The Equation Of SpECies NIaSS Balance in Cartesian, cylindrical, and spherical

coordinates for binary mixtures of A and B. Two cases are presented: the general case, where the mass flux with
respect to mass-average velocity (j4) appears (p. 1), and the more usual case (p. 2), where the diffusion

coefficient is constant and Fick’s law has been incorporated.
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In terms of mass flux, j,

Microscopic species mass balance, in terms of mass flux; Gibbs notation
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Microscopic species mass balance, in terms of mass flux; Cartesian coordinates
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Microscopic species mass balance, in terms of mass flux; cylindrical coordinates
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Microscopic species mass balance, in terms of mass flux; spherical coordinates
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Fick’s law of diffusion, Gibbs notation: j4, = —pDspVw,

= pws(vy — V)
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e EQuation of Species Mass Balance, constant pD 4. ror binary

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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Ja = mass flux of species A relative to a mixture’s mass average velocity, v (units: j4[=] W)
= pa(va —v)

Ja +]g = 0, i.e. these fluxes are measured relative to the mixture’s center of mass

Ny = PaVs = a4 + pav = combined mass flux relative to stationary coordinates

nyg +ng =pv

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

UV = wyV,4 + 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.



BASED ON MOLE FRACTIONS

e Equation of Species Mass Balance in Terms of Molar

quantltles in Cartesian, cylindrical, and spherical coordinates for binary mixtures of A and B. Two cases are

presented: the general case, where the molar flux with respect to molar velocity (ZZ) appears (p. 1), and the more

usual case (p. 2), where the diffusion coefficient is constant and Fick’s law has been incorporated.

Spring 2019 Faith A. Morrison, Michigan Technological University

In terms of molar flux, J

Microscopic species mass balance, in terms of molar flux; Gibbs notation
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Microscopic species mass balance, in terms of molar flux; Cartesian coordinates
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Microscopic species mass balance, in terms of molar flux; cylindrical coordinates

or r or r 00 0z

axA . axA Vg axA . axA _ 1 a(r]:l’r) 1 61:1,9 O]Z'Z
C<6t+vr6r+r69 TV, )T * *

) + (xgR4 — x4Rp)

Microscopic species mass balance, in terms of molar flux; spherical coordinates
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Fick’s law of diffusion, Gibbs notation: [ = —cD,Vx,

= cxs(vy — V")
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e Equation of Species Mass Balance in Terms of Molar

Quantities, Consta nt CDAB' 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
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Microscopic species mass balance, constant thermal conductivity; spherical coordinates

ot " T e rsin® d¢

= et (e (2 22) 4 O (o 2) LT |, )
—Pam\2gr " Tor r2singaa\> = 90 r2sin2 6 0¢2 Xplta — Xaltp

0x ox v 0x Vy 0x
C( A «ZTA L T607A ¢ A>

gV q ‘AnIsnyiig Jo swudy uj

CXy =y = MLA(PA) _ MLA(pr) (units: C[=] mol mix [=] mass mix A[=] mol A ; A[=] massA)
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Ja = molar flux relative to a mixture’s molar average velocity, v* (umts: Jil=] W)
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Ny = cqvy =lj§ + c4v* = combined molar flux relative to stationary coordinates
Ny + Np = cv”

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

V4

*

V" = x4V, + Xxgvg = molar average velocity

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