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Comment on Precursors in a Pressure
Driven Shock Tube

SAMUEL LEDERMAN* AND DANIEL S. WILSON!
Polytechnic Institute of Brooklyn,

Farmingdale, N.Y.

IN commenting on a technical note by W. Zinman,1 Prof.
Weymann2 referred to our work3 and incorrectly esti-

mated our diaphragm-probe distance as 100 cm. As a con-
sequence of this estimate, he concluded the following: " . . .
that the two probes will measure a stationary state at x =
50 cm ahead of the shock front if the distance of the first probe
from the diaphragm is larger than zc == 96 cm . . . It is,
therefore, quite curious that Lederman and Wilson find
stationary profiles in their shock tube."

The over-all length of the driven section is 10 ft, or 305
cm, as stated in Ref. 3. The correct diaphragm-probe dis-
tance is 210 cm. Therefore, even according to Professor
Weymann's own analysis, it is not at all "curious" that we
found stationary profiles in our experiments.
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Comments on " Circulatory Flow of a
Conducting Liquid about a Porous,

Rotating Cylinder in a Radial
Magnetic Field"

T. S. CHANG* AND W. K. SARTORY!
Oak Ridge National Laboratory, Oak Ridge, Tenn.

ACOUPLE of years ago,1 we considered a class of exact,
stationary, vortex-like solutions of incompressible, dis-

sipative, MHD flow under the influence of a radial magnetic
field, —C/r, and an azimuthal magnetic field. It was shown
that the basic MHD equations can be reduced to a single
ordinary differential equation. In terms of the Nomencla-
ture of Ref. 2, this equation has the form:

(4 + R + RPm

' 3R + RPm +
-R + RPm- Q)]ve = - (1)
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Fig. 1 MHD-driven circulatory flow between stationary
cylinders (ez = 0.5, R = -100, C = 1.0, K = 0.25): a) Q =
1.0, vm = 0.0593; b) Q = 10, vm = 0.556; c) Q = 100, vm =

3.14; d) Q = 1000, vm = 3.93.

where ez = Eza2/(iJLeCD) and a is a characteristic radius.
Most of our work pertains to the flow between concentric
cylinders, and we choose the outer cylinder radius as a.

The solution of Eq. (1) is

where ^1,2 are given by Eq.
The constant G is given by

(16) of Ref. 2 and n5 = -1.

= Qe2/[Q - R(2 (3)

The constants A', B', C' are to be determined by the velocity
and magnetic boundary conditions. The assumed radial
components of the velocity and magnetic fields are the same
as those of Eq. (8), Ref. 2.

Using Ohm's law and the equation of motion in the B direc-
tion, hd can be obtained. The result is

ha —
A'RPm B'RPm

RPn U2 1 +

Q-R(2 + RPm) (4)

For the special case of flow around a rotating porous cyl-
inder, the last term in Eq. (4) must be discarded. This
leads to the same expression as that given by Eq. (15), Ref. 2.

In the limit as RPm -> 0, the term C'£-1 of Eqs. (2) and
(4) remains finite if an azimuthal magnetic field is applied
by passing an electric current through a conductor along the
axis. The value of C' then becomes the ratio of the applied
azimuthal magnetic field to the applied radial magnetic field.
If RPm is set equal to zero, Eq. (2) reduces to the expression
given by Lewellen3 [Eq. (28)] with the additional term C"£~l.
Thus, the present solution with RPm = 0 is more general
than that given in Ref. 3. If RPm is set equal to zero in Eq.
(4), only the applied field Cr£~~l remains. If the perturbation
of he due to the flow is needed, the terms in Eq. (4) of first
order in RPm must also be retained.

We have made a complete parametric study of the ex-
pression in Eq. (2) for small RPm for flow between concentric
cylinders driven by an impressed electric field EZ) as well as
by the applied azimuthal magnetic field. Some typical
curves of v$ vs £ with the extra term C'^~l included are given
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Fig. 2 MHD-driven circulatory flow between stationary
cylinders (ez = 0.5, R = 0, C = 1.0, K = 0.25): a) <? - 1.0,
vm = 0.405; b) Q = 10, vm = 1.77; c) Q = 100, vn = 2.94;

d) Q = 1000, vm = 3.60.

There are a few minor misprints in Ref. 2:
the bottom of page 380 should be

2)

1) Equation at

dr \ dr
UQ \

7)
in Eq. (11) should be ^e\ 3) 771,2 in Eq. (16) should be

4) 771 in Eq. (23) should be m; 5) 5 in Eq. (29) should
be Bi; and 6) A in Eq. (31) should be AI.
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in Figs. 1 through 3. In the figures, the velocity has been
normalized by dividing by its maximum value vm:

(5)max

where K is the ratio of inner to outer cylinder radius.
When Q is large (e.g., Q = 1000 in the figures), the velocity

profiles approach the curve

= (C'/Q (6)

in the interior of the fluid, where C' and G are determined by
the applied fields and are independent of the velocitus of the
confining cylinders. Boundary layers are formed near the
cylinders. The effect of the imposed radial flow is to increase
the thickness of the boundary layer near the injection cylinder
and to decrease the thickness of the boundary layer near the
suction cylinder.

Fig. 3 MHD-driven circulatory flow between stationary
cylinders (ez = 0.5, R = 100, C = 1.0, K = 0.25): a) Q = 1.0,
vm = 0.016; b) Q = 10, vm = 0.152; c) Q = 100, vm = 1.06;

d) Q = 1000, vm = 2.92.

Addendum: "A Theoretical
Investigation of MHD Channel

Entrance Flows"

A. L. LOEFFLER JR.* AND A. MACIULAITIsf
Grumman Aircraft Engineering Corporation,

Bethpage, N.Y.
[AIAA J. 2, 2100-2103 (1964)]

EQUATION (5) of our paper was an asymptotic expression
for the fully developed friction factor for turbulent

MHD flow between parallel plates. The exponent of the
denominator of the right-hand side of this equation should

Legend:
• Murgatroyd's Data

——— Our Theory

M/Re 3/8

Fig. 1 Comparison of new theoretical expression [Eq. (2)]
with experiment.
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