CHE 318 Lecture 33

Final Exam Review Lecture (1)

Dr. Tian Tian

2026-03-30

Learning outcome

This is a review lecture for preparing for the final exam, focusing on the concept sheets from
pre-midterm.



Cheatsheet for pre-midterm mass transfer

1D Equation. Other forms see below

Cheatsheet: Pre-midterm Mass Transfer

/Flux Equation (Solving NA)<\\

dx
Na= *CTDABd—zA +z4(Na+ Np)
Diffusive J 1. Convective C AU,

Solutions Gas, Steady State (Gen=Acc=0)

General solution

Ni= crDap Na
(22— 2) Na+Np

H[NA —242(Na ANU)}
Ny —za1(Ng+ Np)

Suitable: boundary of heterogeneous reaction

Special case 1: EMCD

D
=2l
(22 — 21)

Special case 2: Through stagnant B

_ ¢rDap ln( 1- ZAz)
(z22—21) \l-am
Use log-mean format

DB

- Ya  Pr — s
P (pa1 — paz)

PBm

Ny

Special case 3: reactive coupling
Use general solution, need N,/Ng ratio & sign

Surface area
Cross A,
section Na(z) > r —» Np(z+AZ)
A
—
\_ z z z+Az J
\QD'ff ivity D . . \
iffusivity Dpg Lig: Stokes-Einstein
Gas: Kinetic theory (Mw > 1000)
Dap = la)\A.B Dyp = 29610107

-

N

Mass Balance Equation

[In] — [Out] + [Gen| = [Acc]

Control Volume

Na(2)A(z) - Na(z+D2)A(z+AzZ) [+

3 NV
Gas: Chapman-Enskog
1.851

810 T (1 L)‘
ProfpSo.an my  mp
l( 1 1 )

WTH(L L

Gas: Fuller method

Liq: Wilke-Change
(278 K~ 313 K)
_ 1173 x 10719 (¢Mp) 2T
B
Inhom. Solid: effective

Das

Dar

€
Dan D aBess = 7 Das

10 x 107717 (L‘L)
Pr[(Sva)/s+ (Sva) ) \ma - mp
o

x

N N " J &(i,i) _ DABPTIH(PT*PM)
A — A - S
Ng —> Ng KLiquid/soIid common case (like stagnant B) N | AT RT pr—pa
N D apcay (x4 — T 42) Zpy — Tp Gen = 0. Spherical case (far field stagnant B
p=———— " ¥Bm =
Stoichiometry Magnitude ratio (22 — 21) TBm In(z B>/ p1) Ny = Igi’f’}pr (a1 — paz)
mA—> nB Na/m = Ng/n Solid case Xgy, ~ 1 PBm

. ) » Lig. dilute case xgn, ~ (Xg1 + Xg2)/2

\__Sign: determined from boundary condmory \_ AN

Coeff Driving force
\ Unit m/s Concentration diff
ﬂUnsteady state dc,/dt # 0 )

;Generation term / orthogonal M.T. A

Coefficient - driving force form
Example: (details see review after mid-term)

T4 =k(cas —ca)

1D uniform cross sectional area (remove Az)

dcy ON4(2) 1D
5 = 41y
ot Fra
3D general term
dca _ . ONa ONay,  ONga.
a ' o By 9z
=ra—-V-Ny
Most used form: incompressible liquid
dea = DypVicy — By -Vesa+14
ot
likely diffusion can be ignored
- J
fVarying cross section problem 2

N, can vary! Steady state use NA = Na(2)A(2)

Gen = 0. Spherical case (stagnant B)

Figure 1: Charts distributed in class. PDF Version



Cheatsheet for convective mass transfer & coefficients

Cheatsheet: Convective Mass Transfer

(Q1: Interfacial equilibrium N Interfacial Mass Transfer N Q2 Flux equation in convective regime 1
[Conc. at gas side] ¢, . Liquid phase  Gas phase
K = _Lonc a1 gassicel L1 B
[Conc. at liquid side] 7\ Ny kc( L)b Lz)
C;
= k c, REi .

CLi ¢ Li Mass balance = Flux matching
Example: - applicable to 2-phase M.T. / cooling
1. Henry's Law pa=H xp

Ny
2. Solubility (in liquid / solid) Naliiq = Nalgas
ca=Spal22.414 (S unit: myat S.T.P) Q1: Q2 kc,liq(Cva — CL,i) = kc.gas(cy,i — Cg,b)

o : ) Interfacial Mass balance / Fluxes
3. Equilibrium diagram (see later topics) concentration ¢, ¢; across interface
(N VAN \ J
Gas phase Naming Convention and Units Theory 1: Thin film theory

b2 er = 2 Pr _ k. PBm * Superscript: EMCD Kl ... ¢.,...; Convective / stagnant B Kasiving force NA = % (CA,1 - CA,b)
¢ °RT RT f
= k,GpT = kG PBm Phase / .
T Driving Concentration Mole fraction Theory 2: Penetration theory
=k, = kyYsm force c Partial (i liquid 7 4)
k A artial pressure p 4 gas y 4, liquid 4
—k —k /
cypmer =kaysmPr " ke Kl koK, Ny = | —47%23 (cas —cap)
e p:total pressure Liquid Fo k! _ s K
® DB, - log-mean partial pressure of inert B phase Theory 3: Boundary layer theory
:log- le fracti f B i , 1/2|
. yB"L og-mean mole fraction o Liquid (alt. &z, k), _ - N4 =0.664 D ap/L Nsl,f?’ NRQ CAs — Cap)
e ¢r =pr/(RT) form)
o Unitofk m.s-1 kg mol kg mol Practical: use cheatsheet for scaling
Liquid phase s-m2-Pa s-m?2 - mo] frac
! . ! .
EMCD / Dilute Gases:  Na =k, (ca1 — ca) = kg (b —pa) = K, (yar — y0)
=k — =k, = k:Tpn sawids: _ _ _
2 v - Liquids: Ny = k. (ca1 — caz) = k7, (ca1 — ca2) = kI, (z41 — 2 22)
e p:liquid density G .
i ases: Ny =k.(ca1 —ca) =k - =k -
e M : molecular weight Stagnant film A e(car ) ¢ (Par—Pa) Y (War — ya0)
e zp,,:log-mean mole fraction of solvent B Liquids: Na = k. (ca1 — ca2) = ki (ca1 — €a2) = ko (a1 — T 42)

Figure 2: Charts distributed in class. PDF Version
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