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Transfer Coefficient in Pulsating Pipe Flow: Comments on an

Article by Patel et al.

TOSHIRO MARUYAMA and TOKURO MIZUSHINA
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Fig. 1. Bode diagram of space averaged Sherwood number. -,
Equation (14); - -, Equation (5) in the paper by Mizushina et al.
(1973).
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In their paper on measurements of wall mass transfer
in fully developed pulsating laminar flow in a tube, Patel
et al. (1975) state that at higher frequencies the ampli-
tude and phase of the wall mass transfer rate are corre-
lated not by the theoretically derived variable SnScL%/3,
but by an empirical correlation variable SnScLl/® X
(1/2r4) 173, At the same time, they suggest some possible
sources of error in both their experimental and theoretical
treatments, but they leave the questions to be unsolved,
stating that “the present work reports the first experi-
mental measurements of amplitude and phase of the fluc-
tuating mass transfer coefficient in pulsatile flow.”

However, this is not the case. The experimental fre-
quency response of the space averaged, mass transfer co-
efficient was already reported by us (Mizushina et al.,
1973). We made measurements over wide ranges of Re,
Sc, and Sn, using the electrochemical method. Figure 1
shows the frequency response of the space averaged value
to the wall shear stress. As can be seen, the measurements
are well correlated by the theoretically derived variable
SnScL?® and in good agreement with our theoretical
curves. In addition, the validity of the correlation by the
theoretically derived variable is confirmed for the local
transfer coefficient under the heating condition of con-
stant wall heat flux,

On the basis of this fact, we will make some comments
on the empirical correlation variable proposed by Patel
et al. (1975) and on their experimental procedure. The
variable SnScL?/® shows dependences on Sc and Re as
Sc'/3 and Re~%/3, while the empirical correlation variable
SnScL/3 (1/2ry)'/3 has different dependences, that is,
S¢2/3 and Re~'/3, However, the necessity of the 2/3 ex-
ponent of Sc instead of the 1/3 exponent is not clear,
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because the experimental range of Sc by Patel et al. is
very narrow (Sc = 3 100 ~ 4 050) in view of the scatter
of their data. Thus, only the different dependence on Re
is admitted from their experiments. This, we infer, is not
due to some sources of error suggested by them but rather
to their misuse of an input signal as follows.

To make the flow pulsation, Patel et al. change a liquid
level in the head tank using an oscillating displacement
device immersed in the liquid. They measured the oscilla-
tion of the displacement device and tacitly regarded its
amplitude and phase as being identical to those of a pres-
sure gradient at test section. In unsteady state, however,
the steady state relation between the displacement length
of device and the pressure gradient does not hold because
of dynamic hehaviors of fluid in the flow system from the
head tank to the test section. In particular, the dynamics
of fluid in the head tank and through contraction, elbow
and two valves largely affect the relation in unsteady state.
Hence, the discrepancy in measurements by Patel et al.
increased with increasing frequency of pulsation, and it
depended on the flow rate, thus on Re.

Evidently the dynamic relation between the oscillation
of the displacement device and that of the pressure
gradient is peculiar to their flow system and is suspected
to be too complex to clarify analytically for the use of

their study. Accordingly, it is recommended that one
avoids this complexity and measures directly the pressure
difference or the wall shear stress at the test section as
described in the paper of the commentators (Mizushina
et al., 1973).

NOTATION
1

length of mass transfer section

L = dimensionless length = I/(2roReSc)
Re = Reynolds number

ro = radius of circular tube

Sc¢c = Schmidt number

Sn = Stokes number = ry20/v

v = kinematic viscosity

® = angular frequency
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Reply to the Note of Maruyama and Mizushina

Maruyama and Mizushina are quite correct that the
work of Mizushina et al. (1973) predates our study of
mass transfer in pulsatile laminar flow (Patel et al., 1975).
Their data do show excellent correlation with the variable
SnScL?/3, which is the variable X; in the notation of our
paper.

There is no question that direct measurement of the
fluctuating pressure difference in the tube is preferable in
order to calculate the amplitude ratio and phase lag of
the fluctuating transfer coefficient. However, in our work
we did not take the amplitude and phase of the displace-
ment device to be identical to those of the pressure
gradient in the test section as stated by Maruyama and
Mizushina, A dynamic analysis of the flow from the vari-
able head tank through the valves and flow straighteners
was done. This analysis yielded a relation between the
amplitude and phase of the displacement device and
those of the pressure gradient in the tube. Details are
given in the thesis by McFeeley (1972). While this pro-
cedure is not as accurate as direct measurements of the
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pressure gradient, the error is not as large as the assump-
tion of identical amplitudes and phases for the pressure
gradient and the height of the displacement device. It is
conceivable that the predicted pressure gradients of our
analysis deviate from the true pressure gradients as a
function of Reynolds number and frequency and that this
may be the cause of the deviation of our data from the
theoretical predictions.
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