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Nomenclature
c = solution concentration
c+ = dimensionless concentration, cV#/j

dimensionless bulk concentration [Eq. (8)]
molecular diffusivity
Darcy-Weissbach friction coefficient
mass flux
characteristic length
Reynolds number
Schmidt number
Sherwood number
Stanton number
pipe radius
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= local mean axial velocity

= average velocity
shear velocity
critical shear velocity

= distance from the wall

a = parameter
51 = edge of diffusion sublayer
5 t+ = 81F*/y
52 = edge of viscous sublayer

v = kinematic velocity
r = relaxation time
0 = parameter of the increase of the diffusion sublayer, dimen-

sionless

THIS Note concerns the possibility of changes in mass dif-
fusion which may be affected by drag-reducing polymeric

additives. Such changes may be important when drag-re-
ducing polymeric coating is used.

Meyer1 assumed that the polymeric additives increase the
effective thickness of the viscous boundary sublayer. In a
smooth pipe this increase can be calculated from the equation

52+ - 5.75 logioS2
+ = 5.5+0: log10(F*/F*cr) (1)

where F*Cr is a critical value of F* above which friction loss
reduction may be attained.

Assuming that F*cr depends on the viscous and elastic
properties of the liquid according to

F*cr = (2)
Elata's model2 is obtained. Assuming that F*cr depends on
the viscosity of the solution and a characteristic length of the
polymeric molecule according to

F*cr = v/L (3)

the length scale model is obtained, which is consistent with
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the approach of Virk3 as well as that of Van Driest.4 It is
also possible to refer to the model of Seyer and Metzner,5 who
extended Elata's model. Poreh and Paz6 extended Elata's
model for heat-transfer problems by using von Karman's
analogy7 between momentum and heat transfer in turbulent
flow. However, the models (2) and (3) cannot compete with
all the experimental data. The possible effect of polymeric
additives on mass diffusion processes is investigated by re-
ferring here to model (1), although this model is not always
applicable, in spite of the fact that the definition of F*cr is
general.

According to Levich,8 the relationship between the diffusion
and the viscous sublayers in a smooth turbulent pipe flow is

= ^+0.75/^ (4)

The concentration profiles in the diffusion, viscous sublayers,
and the turbulent region are, respectively,

= NScy+

5.75 logic -

(5)

(6)

(7)

The bulk dimensionless concentration is defined according to

(8)
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Fig. 1 The effect of polymeric additives on friction coeffi-
cient and Sherwood number, when NSC = 1000, 2R = 0.116

in.
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Fig. 2 Changes in the friction coefficient and Stanton
number by polymeric additives when N$c = 1000, 2K =

0.116 in.

If the pipe diameter is large enough, it is possible to neglect
the diffusion and viscous sublayers in Eq. (8); therefore, the
following is obtained:

cb = (I)
where

= 5.75 log - 3.75 (10)

Sherwood number, which is the mass transfer coefficient,

NSh = 2NScR+/cb
+ (11)

may be found after cb
+ is calculated according to Eq. (9).

The Stanton Number may also be referred,

By the addition of drag-reducing polymers to the pure sol-
vent, two possible extreme situations may be obtained: a)
the diffusion sublayer thickness is not affected by the poly-
meric additives, and b) the relationship between 61+ and 52

+

is not affected by the polymeric additives, i.e., Eq. (4) applies
to the flow of the pure solvent as well as to the flow of the
polymeric solutions.

As a result of the preceding conditions, we may assume that

11.60-75

st = NSh/(NScNRe) (12)

(13)

where 0 is a dimensionless function. This function should
depend upon a \ogio(V*/V*cr). The two extreme values of
0 < 0 < oo express the two extreme situations described be-
fore. Wells9 analyzed the changes in mass diffusion caused
by polymeric additives in the case of turbulent flow over a
flat plate. His analysis is based upon the empirical investiga-
tion of Friend and Metzner.10 However, the approach sug-
gested here may be applied to the case of the flow over a flat
plate as well.

Suraiya11 measured changes in Sherwood number by the
addition of polyethylene oxide WSR-301 to water flowing in
a 0.116 in. pipe. His experimental data concerning solutions
of 30 ppm are shown in Fig. 1 (in these experiments Schmidt
number was about 1000). According to Wells, the critical
shear velocity and a for 30 ppm WSR-301 solution are 0.068
fps and 23.0, respectively. On the basis of these data we cal-
culated changes in Sherwood number and friction coefficient
by the addition of 30 ppm WSR-301 to water flowing in an
0.116 in. pipe when a Schmidt number is 1000. The results
are shown in Fig. 1. The lines designated by a and b show
the two extreme cases discussed before.

It is reasonable that polymeric additives reduce Sherwcod
number more than they reduce the friction coefficient as mass
diffusion is extremely dependent upon the flow conditions at
the conduit wall. Therefore, from the lines and data shown
in Fig. 2, it seems that changes in mass diffusion by polymeric
additives are in the range between the two extreme cases de-
scribed before and that the data of Suraiya11 is not entirely
accurate degradation or maximum drag reduction.

Changes in velocity and concentration profiles by the addi-
tion of 30 ppm WSR-301 to flowing water in a 0.116 in. pipe
at Reynolds number of 8 X 103 whereas <£ = 0.8 are shown in
Fig. 3.
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Fig. 3 Changes in velocity and
concentration profiles by polymeric
additives, when NSa = 1000, 2K =

2000 0.116 in., NRe = 8 X 103, and 0 =
0.8.
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