Chap. 28. Convective mass transfer

convective mass transfer : bulk motion of fluid flow ©] FHIEE AdA e EZAAGTHA

~ systems: transport of mass between a boundary surface and a moving fluid
transport of mass between two immiscible, moving fluids

~ driving force : concentration difference between a boundary and bulk phase

~ types : forced convection by externally generated flow of fluids by pump, fan, ...
natural convection in gravitational field, interface-tensional field, ...

~ rate (or flux) of convective mass transfer: Ny=kdca=k.(ca ;= C ac)

convective heat transfer : closely similar to convective mass transfer, ¢/A= hAT

1. Fundamental considerations in convective mass transfer
%% (laminar)$} W (turbulent)o] ¢/ § U RERALY A E 72
~ laminar flow fluid near the surface : means by molecular transport of moving fluids

~ turbulent : movement of packets of mass across streamlines, transport by eddies

hydrodynamic boundary layer in convective mass transfer : Ny = k.(c4 ;— C 4c0)
N, : moles of solute A leaving the interface per time and unit interfacial area
k. : convective mass transfer coefficient
Ca.s - concentration of solute at the interface
Ca. : bulk concentration, mixing-cup concentration, average composition of bulk flow

- evaluation of convective mass transfer coefficient, £,

2. Significant parameters in convective mass transfer

- dimensionless parameters to correlate convective mass transport data

(1) momentum transfer

eynolds number, Re= PR K uler number, Eu= pvz BEEEK
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Froude number, Fy=-Y- =-¢-L
’ gD~ 43

(2) convective heat transport
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(3) convective mass transport
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- Sherwood number relation

Voo

cas—ca=lca—cal(y)

- mass transfer between the surface and the fluid : Ny=/k.(ca;— Ca o)

dc
- mass transfer by molecular diffusion at the surface: N A=—DA37; [

- same flux of component A leaving the surface and entering the fluid

Ny= kc(CA,s_ CA,oo) = _DAB%(CA_ CA,s) | y=0

— kC _ _d(cA_cA,s)/dyl y=0
Dap (cas—caw)
— Sh= kOL _ _d(cA_CA,s)/dyl y=0
Dap (cas—caw)lL

3. Dimensionless analysis of convective mass transfer

correlating experimental data into the explicit form of various dimensionless parameters
(1) Transfer into a stream flowing under forced convection
A} : circular conduit

Variable Symbol Dimensions
pipe diameter D L
fluid density 0 M/ L}
fluid viscosity 1 M/ Lt
fluid velocity v L/t
mass diffusivity Dyp L%t
mass-transfer coefficient k. L/t

- Buckingham- 7 method

number of variable (6); number of dimensions (3: L t , M)

number of core variables = 6 — 3 =3 (Dyp o, D)

m = Dap” PbDC ke, Ty = DABd PeDfU/ my = Dag® tOh Di#

2
[m]=1 =(Lt )(LT )a(%)b[f . dimensionless
L:0=2a-3b+c+1; t :0-=

kD _ __Dv
DAB - Sh/ 7T2 -

a-1; M:0=Db — a=-1,b=20

T, =

p _ o ple _ g,

Ty oDv
, T = , — = — Re
Dy’ 3 0D ap Dyg T3 jz

m, = m(my,m3) — Sh= f(Re, Sc) : forced convection in a confined geometry
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(2) Transfer into a phase whose motion is due to natural convection

- natural convection(AAt)F)ol oJs EAHG

solid
Zg
T“O‘ fluidl (5 RERS: ‘?
#FIA FRAA e FHe) fFAB) Ml TY we Ree Aolzny AdHE

o

#A9] §5 Brgo] ehte 2D
B# 9] Z7|(buoyancy force) : gdoy

- important dimensionless parameter: G jp= L?’fj]z,qq : Grashof number
cf. Ra= GrPr = gb;ADcf: Rayleigh number
- Buckingham- 7 method
Variable Symbol Dimensions
characteristic length L L

fluid density 0 M/L?

fluid viscosity 1 M/ Lt

buoyant force gdp 4 M/L*t

mass diffusivity Dag L%t

mass-transfer coefficient k. L/t

core variables (3) : (Dap L, p)
7= Dag"L'pk, m= Dag’ L1 0, w3 = Dag* L" ' gdos

_ kL _ _ Dap _ 1 _ L’gdp 4 _
T = DAB —S]’ZAB; Ty = P =~ 'S¢’ T3 = ﬂDAB ’ 7T27T3—G7’AB

7 = m(my,m3) — Sh = f(Grug, Sc) : natural convection in a gravity field

Ex. Sherwood number correlation

Sc > B4 dstel ARHE WAAA
Re(ZAHF) or Gr(AANF) > A8 (FAFE, 5 F1E)S TFshe wAAA

dC,

=0
— e = Sh=F(Re,S) > AAHA A e AYAA GuAe A
L
Blasius flow o A-S(ZANF) : Sh=aRe’Sc® — a, b, c ARENAA == 237 W)
k.L L N

EZAEHE: Re, Sc AL — Sh=TM ALF k. B > Ny=klcy—caw) AR
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