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'used for dus forced convection mass transfer process. At
least,” at low mass transfer rates, whx:rev.lsmmll,the
factor should be adequate, Experiments have pmved ‘the as-
sumption to be justified as will be shown belo

- the'total mass transfer rate from the interface mia;
a8

e e

— D,P, ( ip_.
B,Tpem \ dy
The concentration gradient at the interface (dp./dy): must
be. evnluated experimentally. Rather than work with, this
dient, it is the tice to define a mass tn.nsfer
eoeﬂimmt, as.in Equation 2. It follows that .

D.P, ( dp.

@)

/A = m/n T)(Pui = Pua) = =

B, Tp..
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wlwru Ns; is the dimensiGnless Sherwood number and

some characteristic dimension of the mass transfer fuirface
such as the lengthofa plate or diameter of a cylmder Equa-
tion’ 21 gives'a simple, but valuable, physical i
of « the dimensionless mass transfer’ coefficient, e the

ritio: gradient at the interface or mass tnmsfer boundm'y
The g'mdxent is illustrated in Fig. 6. .

' ‘Mass transfer ‘coefficiénts have been mbhshed expérimen-~
tally for a number of flow geometries, and are presented in the
literature on this subject.** However, data on mass transfer
are relatively sparse as compared to the wealth of data on
heat transfer-coefficients. Recognizing that there is an analogy
between these h-ansfer'pmemes, it should be possible to use
these heat transfer data in predicting mass transfer. coeffi-
cients, Such similarity relations'do exist, and their reliability
hxsbeenweﬂmmbhshedatlow mastmnsfexmm i

S(rmlanty Reluhons for Convective Mass- Transfer

Heat mmsfer from the wetted surface of Fig. 6 to the air*

mmeunbeexpmedmmemcﬂyamlogousfarmwm
of the mass transfer. Thus, ‘the heat flux per unit area is

‘practice to define a friction factor f such that
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or, by mathematical rearrangement

2 [29]

" The fannha.r dxmenslonlm Nusselt number (N, N.) of heat .

transfer is now d as the dim:
gradient-at the heat transfer boundary, (interface): Further-
more, the Sherwood and Nusse!t numbem are recognized as
ions for di less mass tnmsfar and

hm.t transfer coefficients, respectively. *
' Again,.in the case of momentum- transfer, i

ﬂux at ﬂ:e m\‘eriwe (grd)'per umt area l.s

,)[

u.mor fxee stream velocity ol pa, feet. per, hour

Equatwn 23 states that one-half the friction factor times
the Reynolds ‘number (N g,=pVuL/) equals the dinjerisionless
vv.loclty gradient at the stationary surface or interface.” * "

E_;u&hons 21, 22, and 23 show-the -similafities” between
mass, b hulent b

Ll

t, and i t{ina y
layer (whem both eddy and molecular diffusion’ are opers-
tive), m the same wny‘ﬂnt Equations 8, 9, and '10 ‘demon-
strated' the cimilarities for a laminar boundary layer (where
only molecular’ diffusion i is present) Agmn assume a gaseous
systen in which, by’ chance, D, =a=j (thats, the molecula’
diffusion - constants’ for mass, energy, and ‘momentum- are
identicil). Fromia ‘purely -theoretical éonsideration of tbé
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physical prom of eddy dxﬁusmn the eddy d.lﬁus:vmm
for these three:rate processes must. be identical, since all
:elyond:esamzparhclemmngwhonforthemnsfcrop;
eration. Experunentx venfy this concluswn. Therefore, under
the p di partial p
tempersture, and veloclty profiles must be ldentml . This
permits equating ‘the left-hand side of Equshons 21, 22 aod
z;mobmnN.g.=N,,.=(j/2) (N..) or. - .
“hoLlpe 7 V;L“
D,P, k 2 s
As pointed out in the discussion jof molecular diffusion,
the postulafa made here is. eqluvnlent to-the statement, that
the Prandtl niiinber ‘(N p,=cui/k) and Schriidt numbér
(Ns.=p/pD,),are umt.y Using tlns stauamr.nt Equatmn 24

e,

can be mrmnged to give s
L N“ - e
(Nn.)(Np) (Nka)(Nh) (24‘)
or *
. BDPem (3 I

VaPe  oc,Va

The two right-hand terms of Equation 24 afeknown'as‘the
Reynolds . analogy.- The left-hand: .term -is an extcnsmn.of
Reynolds analogy to include mass transfer. ., -, -

Investigators of convective heat transfer have long reoog
nized that Reymolds u.na.logy gave a reliable correlation be-
tiveen friction factors and heat: transfer ' “Goefficienta for
common gases (where ‘Npi21), and where the teinperature
potential is moderate. Since the time .of. Reynolds, not less

.tbanﬁvemodxﬁedamlog:eghavebeenmggﬁtedwm%

for the effect of Prandtl number. One of the simplest and incst
often ased’ among ‘these is that suggested by  Chilton

Colburn’ who showed that the correlation of heat trazisfer
data With friction data ‘could be greatly mpmved by subsh—

tuting (Np)12 for Np, in E.qmm 24 whichleadsto =~ ™

(25)
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beBy analogy, Chilton and Colburn suggested that it sbould
possible to represent miass tra.nsfer data with' good ac-
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EquahonsZSmd 26mknnwnuthz;fadorwwlbgy
are widely used mday for plothng and predicting heat and
mass transfer data. °

‘The power of the Clnlmn—Colbum Jj-{actor analogy is repre-
senfcdml“igx 7,8;9, and 10. Fig. 7uaplotofexpenmental
values of jp by & number of investigators of ‘mass tmns{er
from a flat plate with flow parallel to the plate surface.

- @26

" solid line; which represents the data to.near perfection, is

‘actually f/2 from Blasius solution of laminar flow on a.fiat
plate (left hand portion of the solid line) -and Goldstein’s
solution for a turbulent boundary layer (right hand portion).
The right hand portion of the solid line also represents
McAdams* correlation of turbulent flow heat t.mnx{er eodﬁ-
cients for a flat'plata.

A wetted-wall column is a vertical tube in ‘which a thin
liquid film adheres to the tube surface.and exchanges mass
by evaporation or absorption with a gas flowing through the
tube. 1t is a device of practical interest and provides one of the
best. tests of transport theories. FYg 8 illustmtes typu:al data
on Sin' wetted plntﬁed BB‘]D Vs
Ng,. The spread of the points wn.h variation in’z/pp, 1s due
to the fact that Gilliland found an exponent of 0.56, not 2/3
as lepr&senhng the effect of the Schmidt number.? Thl.s ia
xhown by the fact that Gilliland’s equatxon itten

jp = 0. 0231‘!..“ (s /pDs)*

Slmxla.rly McAdAms‘ equat.mn for hmt tnmsf
be'expressed as

ja = o 023(N..)“ ”(C,u/k)’ -

This is represented by the dashed curve shown; on,Fig. 8;
which falls somewhat below the mnss transfer data. The curve
/2 mpmentmg friction i in smooth’ t.ubm is the upper’solxd
curve. :

Dm for cvaporat:on of hqmds from single’ {:y

streams flowing transversely to the cylmder axm aré siown
in Hg 9. Although the dasb-dot line on Fig. 9 mpi-eienta‘the
data well, it is actually taken from McAdams?® as represents-
tive of a large collection .of data on heat transfer to single
ylinders placed to air Inordertoeom—
pare these data with friction; it is i
between total drag and skin friction. The analog:g are based
on &kin friction, hence the xwrmal pressure drag must be’

btracted from the mé d total drag. At Ne,=1000"the,

z‘:Wbynmmﬂuchmgemthe“ Hmi number

ol mee g

skin - friction is 12.6 percent.of ‘the total drag-and atiNg;




