SNS COLLEGE OF TECHNOLOGY, coIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 16ME306/ Heat and Mass Transfer —
UNIT V - MASS TRANSFER
Topic - Tutorial- Fick’s Law of diffusion

Cansider the diffusion of hydmogen (specics A) in air, ligquid wader, or iron (spocics B) at
T = 193 K. Calculate the spocies flux on both molar and mass bases if the concentration
gradicnt at a particular location is dCydr = 1 kmobim’ - m. Compare the value of the mass
diffusivity o the thcrmal diffusivity. The mole fraction of the hydrogen, xy, is much loss
than umiky.

SOLUTHIN

Known: Concentration gradient of hydrogen in air, liquid waier, or iron at T = 293 K.

Fird: Maolar and mass Auxes of hydrogen and the relative values of the mass and thermal
diffusivitics for the throo cascs.

Srhemagic:

Assamperions:  Swcady-state conditions.

Properties: Table AS, hydrogen—air (208 K): Dye = 0.41 % 10 Ymfs, hydrogen—
waler (298 K D, = 0.63 > 10" ms, hydrogen—iron (293 K Dyg = 0.26 > 10 = s,
Tablc A4, air (253 K @ = 216 = 107" m'fx; Table A, water {293 K- k — 0603 Wim- K.,
p= 98 kg/m’, c, = 4182 ¥k K. Tablc A1, iron (300K} a = 23.1 % 107 ms.

Analysis: Using Fguation 14.14, we find that the mass diffusivity of hydrogen in mir at
F=HiKis

¥
T MIK
Far tho case where hydrogen is a dilufe species, that is, x, <% [, tho thormal properises of
ihe medinm can be taken o be those of the kor medinm, specics B. The termal difTosivity
of waler is

I
) = 040 x 10-* m%s

g =t 0603 Win- K - 0,144 3 1075 m¥s

Poy 098 kg/m® - 4182 Nkg- K

Thez ratio of the thermal di esivity o the mass diffusivily is the Lowis number, Le, defined
in Fguation &.50.
The molar flux of hydrogen is described by Fick™s low, Equation 14.13,
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The tolal molar concentration, . is approximalely constant gsince A is a diluie specics;

Ltheredone
s Ly
* A
- _ﬂ —
1 e
Hence, for the hydmgon—air mixturc,
Xt - —0.40% 10 *mlis 1 KDL _ g 5 g3 Kol <
m:' ITi 5 my

The mass flux of hydrogen in air is found from the capression

. . kg kmal « kg .
-, J -‘E—::{l[—h{ln’—}-—ﬂ}c:lﬂ —_— <]
Iy adg kmol - e
The: resulis fior the three different mixberes are summarized in the follewing able. <]
Spechs B a = 1% (m's) D,y = 18 im%s) Le 1y = 10t (kgls-mr
Alr 216 a1 054 B
Wollar 014 &3 107 | R [
imon 71 60 & 10" &0 10 052 % e

Commenis:

1. The thormal diffusivitics of the thror media vary by two orders of magnitude. Wo sow
in Chapter 5 that this relatively broad range of thormal diffusivities is responsible for
the difficrenl rotes ol which objoclxs nespond thermally during ransienl conduclion
prooosscs. Mass dilTusivitics can vary by 8 or mone orders of magnitude, with the
highost diffisivitics ossocisied with diffusion in goscs ond the lowost diffusividcs
associated with diffusion in solids. DMifcrent materials respond to mass tansfer ot very
differenl raies, depending on whether the host medium s o gas, liguid, or solid.

L. Tho mbio of the thormal diffiusivity & the mass diffusivity, the Lewis namber, is Lypi-
cally of ordor unily for gascs. This implics that changes in the thormal and spocics dis-
tributions progross o similar raics in gascs thal undergo simultaneows heal and mass
transfer by diffusion. In solids or liguids, thermal energy & conducled much mone
readily than chemical spocics can be ransfermed by diffusion.

Page 2 of 3



SNS COLLEGE OF TECHNOLOGY, COIMBATORE-35 =

DEPARTMENT OF MECHANICAL ENGINEERING, 16ME306/ Heat and Mass Transfer —
UNIT V - MASS TRANSFER
Topic - Tutorial- Fick’s Law of diffusion

In order to avoid pressure build up ammonia gas at atmospheric pressure in a pipe is vented to
atmosphere through a pipe of 3 mm dia and 20 m length. Determine the mass of ammonia
diffusing out and mass of air diffusing in per hour. Assume D = 0.28 X 10-4 m2/s, M = 17 kg/kg

mole

Solution: Py in pipe =1 atm.
Fym, at the outlet = 0

m DA PhH31 — PI\'Hf
s TR L

= M

(1013 % 10% —0)
20

x 3600 x 178315

~0.98 % 10~ x gmma}? x

7.38 x 108 kg/hr.

My Ng=—N,=-7.38 x 106 x 28.97/17
- 1.26 x 1075 kg/hr.

28.97 kgl/kg mole.

M,
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