Chap. 26. Steady-state molecular diffusion

- mass balance for control volume ~ continuity equation

- diffusion(3H) ~ #Awe] AP0 A Fold U FETHE Has el
2449 A%

cf.) Heat conduction(Z A=) & DZ2H-A 4

- Governing Equation
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1. One-dimensional mass transfer without chemical reaction
12491 W& (z-direction) ¥} o] JE(A & B)S] 71EA(va, vp)

dy
Nao=—c Dap— dz A4 va( Na,+ Np.) ~ Fick’s law

1) Arnold (diffusion) cell : stagnant gas film

- mass balance for control volume
Flow of gas B — no accumulation
Z=7) SNA,Z | 2+A2_SNA,2 | 2=O

d
dZ NA,2=O ’ NA,zl = NA,z = NA,z2 = }5}_)[:

general equation for steady state

oc

v - TVA—F ra '4=0 without chemical reaction

v Ny = a/jjgﬁ’/:jL 8/1;%,/:+ 51g2,z =0

ANy, . N dNp, .
Ti{z’:o' Ny.= 35 + 0 T2=O, Np .=0 for stagnant gas
L dy
Fick’s law : Na=—c D5 dz Lt yal Na.+ Nz
_ _—cDap dya _ A= s R AFAF
N = (1—v,.) dz (=25 AREH)

at z=2,, ya=ya, & at z=2zy, ya= a4,

ya, dyA . CDAB (l_yAZ)
f dz = _CDABI 1—ya’ Na-= (z9—2)) In (l_yAl)
YB,~ VB

For a binary system of y, +vg =1 & y,,+yp=1, yB,lmzm
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Ex.: Absorption or humidification process

Bgeel Wate] N, . & 94 Tax, 94 (9% F99, o RN AT A9

=29 #Fol gA s

- Concentration distribution

__ cDap dya dNga. _ CDAB dya
Na= (1—y4) dz & dz =0 ( —y4 dz )=0
1 dya _ _ U

=y, dz O & In(l—ya)=cz+cy, ,

BC’s: at z=2;, yas=y4, and at z=2y, ya= y,,

Z=a Ea

23R Ry 2
1- Ya,

]-yA_lyAz
(2= (=2 o)

1— va, or yu=1- (1— yA)(

Film theory

- "Film concept": EZ Aol HE #3go] 7 =
73 wWe e dolg A 7 Ao, o] dole A 2
#oz 7HgEdg. wEtA o] RdoME suloA e fEo AYLH FF
s5o2 /A EH.

- Film 9B M= eddy & eddyrRth= & Z7[Q0 tiFo o3 &3to] A
o 3, f11m.4 Zol 5% FAed, /A A 10'm A, 2T A
Aol A9 10°m A=z g4 ok

_ D 4P (ba,—Da,) _ B ke B
NA,Z_ RT(Zz—Zl) pB,/m NA,Z - kc(cAl CAZ)_ RT(pAl pAz)
DABP

k.=

— convective mass transfer coefficient o mass diffusivity

DB, im0

actually, k.ocDip ! =, film el F=2¥7 3oz FolAE A9dE A550
KR =S

lo] Hu, MA¥Y B 1hhe e AFES 2
FEREES 2 Pddele P4e HolA "ot

2) Pseudo-steady-state system

For long time period, one of the boundaries may move with time.

The length of the diffusion path changes a small amount over long period of time.
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cDyp (J’A1 _yAZ)

Flow of gas B N, .= at any instant
o5 A2 (29— 2)) Y B,im Y
VASY#)
let (z9—2z)=2(t), & Ny z=w@ : liquid surface
TNA| ' M, dt
Zl z4 0z
Az CA, L ﬁ o CDAB (yAl_yAz)
My, o dt oz m

T vad. " Yo

2
z=z1 at to _ OAL yB,/m/MA R = Ry )
z=71 at t cDap (yAl_yAz) 2

2 2
Dane 0AL yB,/m/MA( Ry T Ry )
AP c (ya,—ya)t 2

3) Equimolar counterdiffusion

- distillation of two constituents whose molar latent heats of vaporization are equal

- equimolar counterdiffusion, N, ,=— Np . & without reaction
dc dc
- molar flux for a binary system: NA=_DABTZA +va(Ny .+ Np )=—Dap dZA
N. ” - =
Ge. Ma:_g, d—c{‘ —(0 with BC’s: €A~ Car al 2=z
dz dz Ca=cCypy at 2= 2y
— D
Ca”Ca _ 272 Na. =5 22~ (ca—ca)
—_ =, = & ' (z9—2) ’
Ca,— Ca, 21T R D
A

_—B p—
= RT(zy,—2) (Da,—ba,)

film concept

Dap

0 __
F=3

2. One-dimensional diffusion systems with chemical reactions

- simultaneous diffusion and disappearance or appearance of species through chemical reaction
- homogeneous reaction : reaction occurs uniformly throughout a given phase

- heterogenous reaction : reaction occurs within or at a boundary of the phase

— 93
- general differential equation : Vv - Ny + % —R,=0

1) Simultaneous diffusion and heterogeneous, 1st-order chemical reactions

~ diffusion with varying area
- diffusion-controlled process : (reaction rate) >> (the rate of diffusion)

- reaction-controlled process : (reaction rate) >> (the rate of diffusion)

Example: diffusion of oxygen to the surface of spherical particle of coal

Reaction 1: 2C + (O, — 2CO : diffusion-controlled process
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Assume : no reaction between 0, & CO, steady state
Balance on O, : N02J47T7/2 | ,,—Noz_y4m/2| rrar=0 — %%(7/2]\702_)=0

erOZ,TI no erOZ,rl o 7/2N02_y

r

similarily, %(/Nco,rho & —Nco,,=2N,, by stoichiometry

dvo, cD,, . dv,,
No,,=—cDo, .., +yOz(NOz.v+NCO»”-;N/v)__ l+vyo, dr
at =R vo,=Yo, |l r & r=00 v0,=0.21
1+, |
Rate of mass transfer of O, : W02=47T7/2 No,, | r=4ncDy, ,RIn( Tozzlle )

— 0t AvheE AR (LR

(rate of oxygen transfer, rate of combustion of coal, rate of energy released)

Reaction 2:  C+ 0,—~CO, , No,,=— Nco,,

dyo. dyo,
No, =— CDOZ‘{,,,TVZ +v0,(No,,+ Neo,,+ Ny, )=—¢D o,— uir a’rl
at r=R yo,=y0,lr & at y=c0 v0,=0.21
Wo,=4 Do, R(yo,| g—0.21) : rate of oxygen transfer
cf) Heterogeneous reaction
at =R, Na,| g=—khecal p where k, is reaction rate constant

instantaneous reaction ¢ A ¢y | =0 F, FHAFE=0 & V&7 JAPHA.

Wo,= 4 mcDo, len(l"‘i%)zl) <O

Oxygen — negative direction(disapearing)

- instantaneous reaction ©] o} A y,| R=%?|R
! No,, | k
ks 4rcDo, 1 .
Wo, =4 rcDy, ,Rln[ 150.91 1= Do | x In[ 17021 ] by Taylor expansion
kR
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ex 4. diffusion-limited — instantaneous reaction : ¢4 | p=0

carbon 2, @ Dap=1.3x10"*m?/s
2C + O, — 2CO

15%x10*m 5%x10°m

M, dt ~ M, dt

W.=—2¢cNo,=2[4ncD,, ,RIn0.21],

ol R'— R}
4M.cDy, In(1.21)

t:

2) Diffusion with a homogeneous, first-order chemical reaction

. .|Gas mixture| |z  Absorption of gas : chl _ & ca,=0
Liquid| (A & inert)
surface dca
“ Naz==Das=g
NAz| aCA — N i _ —
Sl n g Vo Nat 5~ Ra=0 dz Na:—Ra=0
dc dzc
Nadl .15, _a%,(DAB DYt biea=0 — DAB A — kica=0
Liquid B |,=
ca= clcosh\/ z-l- cysinh

gas absorption

) ) ky ca,sinhV &1/Dyp z
- concentration profile : ¢4 = c4 cosh D2
AB

tanh\ %;/Dap 6
DABCAO \V kl/DABa
-mass flux: Ny, | ,—o= 5 [ tanh %/ Dand

)

Hattta number ~ influence of chemical reaction

]

Dapcap
o)

| &
kl ~ tanh DAB o ~ 1

Na.l .co=V Dapky ( ca,—0) < Np.=k.(ca—ca,)
l

A

NA,2=

« k., o<\l Dyg : penetration theory model
first-order reaction : disappearance of A
cf) film model : %, o< Dyp
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