4. Exact analysis of the laminar concentration boundary layer

Blasius flow : laminar flow parallel to a flat plate

(1) Boundary layer equations in steady-state, two-dimensional flow
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- mass transfer equation : v, 8; + o, 8; =D 4B 2

(2) Boundary conditions
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(3) Solution

- assumption: similarity between thermal and solutal transfers

Pr(=0/ a}=1, Sc( v /Dap)=1
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- dimensionless forms: f =2

V™ VUyss -9 Cx_ CA,s
Voo =™ Uy CA,OO_ CA,s

. gimilar : _ V| Vo _ v
similarity variable p 5 v, 50V Re,
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5. Approximate analysis

y "" r W
X Wy el 1 Blasius flow

A
|

Wa : molar rate of mass transfer (A)

Mass Balance : Wyo= Wy + Wag+ Wy
5.
WA1= fO CA dey I x

8.
Wac= CAm[% fo v dyldx Wa= k.( Cas— Ca0)dx

d ("’
%fo ( Ca— CAOO) v dy= kc( Ca— CAoo)

CA= CA(y)/ Vx= Vx(y)
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6. Mass, energy and momentum transfer
(1) Reynolds Analogy
Momentum & Analogy

qc = cf*) h = Cf
Vo 2 0 Ve Cp

ke _ h

Voo 0 Vo C,

(2) Turbulence Momentum
eddyel] ¢]%+ bulk mixing

7
c=olo+ e M]% (e M2 eddy momentum)

mass : N,y ,=—( Dpt e M)%;

dT
thermal : j%=—p cyla+ e H)Ty

ca= cat+ 4 ( ¢ 4 & infinitesimally small)

(3) Prandtl & von Karman Analogy
Prandtl analogy (convection)
- heat & momentum

- mass & heat

Cr
o T s kc_ Cr__ T s o 2 " Re - Sc
cr= v v. 92 p02:>NuL— -
o (—5) - 145 4 (Se-1)

(4) Chilton - Colburn Analogy

(j - factor analogy ) jp,= fc (Sc) 2/32%
Ex) Blasius flow
N . a8 _ N . a8 Seh— Cr
Re, - Sclf? Re, - sc 2
s _Cr h

. s _ _k 2/3
JNT= I D™ 2 0 Ve C, (Pl”) = v (SC)
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7. Models
(1) Film model : steady-state model
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(2) Penetration model : unsteady-state model (disappearance of solute)
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(3) Surface-renewal model : time-period for fresh solvent surface
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