ECH 253C - Advanced Mass Transfer - kyates @ucdavis.edu

2025/08/17 14:47

1 Theorem, Definitions, and Governing Equatlons
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Reynolds Transport Theorem:
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a= volume spemﬁc property
Conservation of mass (continuity), 1 component: % + V-(p) =0
Incompressible: 22 + p(V-7) = 0 V= 0
Mixture: apA + V (pa¥a) = —-Vma + RA
b(x
Leibniz integral rule: }) f(z,t)
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2 Diffusion

2.1 Mass Basis with Mass Average Velocity
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D1 = Zi pitiy = p(Um,)

ma = pa(Ua — (Um)) = pata — waPmr
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p (awA + (Un) - Vwa) = —V-ma + Ry

2.2 Molar Basis with Molar Average Velocity
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3 Maxwell-Stefan Diffusion

3.1 Ideal Gas Mixtures
VP _ ;ci;cj(ﬁj—ﬁi)
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Fick’s Law: n’ = —cB~'d
N n—1
I !
Cdi = —’I’LZB“ — 'n]- ‘ Z BZJ
j=1,j#i
Bi=gi+ S 2 By=-ui(k - 5)
k=1,k%i 7
Binary: n} = —cCDijdi

3.2 Non-ideal Fluid Mixtures
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4 Generalised Fick’s Law

Binary: n/y = —cDapVza my = —paDapVwy
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n-component: n’y = —c '21 D;;Vaz; ny = —cDVz
=
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dV Solute mass balance: n’ = 5 f(f cadr — ¢y

4.1 Matrix Approximations for Multicomponent Diffusion

9 1 V- ((0,)%) = DV?*T — & + V-((¥,)2) = DV?2
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5 Boundary Layer Methods

ds
dt
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Continuity: 5= + Py = 0
5.1 Momentum Boundary Layer
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5.2 Concentration Boundary Layer
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6 Turbulent Mass Transfer
X=X [™xdt Xel{evT,. .}

- tob

Xa=Xa+Xaw
6.1 Binary Mixture

OCA +V(vca) = V(DVey) — V’(’l_)thA,tb)
6“” +v-Vw,; = %V- (m; +my )
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6.2 Turbulent Eddy Diffusivity Model in a Tube
i)m,i,y =m;, + wiq)m,T,y
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Von Kéarman velocity profile:
Viscous, {0 <y <5}:u=y
y 4= i di _ 5 vw — U _
Buffer, {5 <y <30} :4=5Iny—3.05 il b=4 -1
Turbulent, {30 < g} : 4 =25lngy+5
6.2.1 Turbulent Mass Transfer in Binary Fluids
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Composition profile: = i T=e?
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6.2.2 Diffusion Flux at Wall
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6.2.3 Momentum/Mass Transfer Analogies
Reynolds, {Sc =1,Scy, =1} : St,,, = %

2

2 .
Chilton-Colburn: % = 1.77 ()" 5 = St = 487

Von Kérmaén, {Scy, = 1}, viscous/buffer:
-1_ 2 2 5
St = ?+5\/;(Scfl+ln [1+ 2(Sc—1)])

References
ISBN-13: 9780470128688, 9780471410775

http://apollo.effendi.me/cemt/



	Theorem, Definitions, and Governing Equations
	Diffusion
	Mass Basis with Mass Average Velocity
	Molar Basis with Molar Average Velocity

	Maxwell-Stefan Diffusion
	Ideal Gas Mixtures
	Non-ideal Fluid Mixtures

	Generalised Fick's Law
	Matrix Approximations for Multicomponent Diffusion

	Boundary Layer Methods
	Momentum Boundary Layer
	Concentration Boundary Layer

	Turbulent Mass Transfer
	Binary Mixture
	Turbulent Eddy Diffusivity Model in a Tube
	Turbulent Mass Transfer in Binary Fluids
	Diffusion Flux at Wall
	Momentum/Mass Transfer Analogies



