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QUICK START

Example: Water (40°C, 1.0 atm) slowly and steadily evaporates into nitrogen
(40°C, 1.0 atm) from the bottom of a cylindrical tank as shown in the figure
below. A stream of dry nitrogen flows slowly past the open tank. The mole
fraction of water in the gas at the top opening of the tank is 0.02. The
geometry is as shown in the figure. What is water mole fraction as a function
of vertical position? You may assume ideal gas properties. What is the rate
of water evaporation?

z=2z, =1.0m

Z — Zq = 03m
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The EQUation of Species Mass Balance in Terms of Comk

I Q:ms.ﬂ_.ﬂ_mm in Cartesian, cylindrical, and spherical coordinates for binary mixtures of A and B.

The general case, where the Izcx with respect to molar velocity (NV,), is given on page 1.
Spring 2019 Faith A. Morrison, Michigan Technological University

In terms of total molar flux, N4

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

%% _ _y.N+R
mﬁ - A . A
Microscopic species mass balance, in terms oﬁI flux; Cartesian coordinates
Jc oN, oN, ON,
k! e Ax + Ay + Az + ms
ot ox dy 0z

Microscopic species mass balance, in terms of l flux; cylindrical coordinates
[ pmase e

Ca IAHQ Ny ) a6  ONg,

+ v + ‘a
="y No 1344
z.@:mq. al coordinates
Nygsing HMZ
A0 v+ : Az +->
sin @

&

Microscopic species mass balance, # ms of

@h.\» _ 1 .w.v 1
ot r2 rsin

dao
No V- Lore
Fick’s law of diffusion, Gibbs notation: N, = x4 (N4 + Ng) — cDpVxy

—_ *
= caV" — cDypVxy

mkb
Ny %a(Nax + Npx) — cDap %x
Fick’s law of diffusion, Cartesian coordinates: | Ny =| x4 QfQ + Zm.ev —cDyp mhuw
2> z ox
» A
xXyz .X.»A AE\»,N + Zw.Nv = ﬁ.b\_m ﬂ. xyz

Fick’s law of diffusion, cylindrical coordinates:
S oo rerern =

Fick’s law of diffusion, spherical coordinates:

Dap 2x4
rsinf d¢ r0¢

Nag 96 \xq(Nyg + Npg) —
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