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Fig. 2¢ Comparison of laminar and turbulent axial
temperature distributions for an equilibrium wake.

The development of the combustion zone is clearly evident
in the temperature profiles.

Figures 2a~2¢ show typical results for a fully laminar and
fully turbulent axisymmetric wake. The program presently
is being modified in an attempt to calculate boundary-layer
flows with injection and gas-particle flows.
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HE purpose of this note is to examine the influence of

finite electrical conductivity walls normal to the magnetic
field in a constant area MHD generator configuration.
Although the nonelectrode walls of an MHD generator are
nominally insulators at room temperature, it is likely that,
at the elevated operating temperatures, they will become
slightly conducting.

In order to focus attention on the influence of the wall
properties, certain simplifying assumptions will be made.
The flow is assumed to be in the z direction, laminar, steady,
with constant properties. A constant magnetic field is ap-
plied in the y direction, and the z dimension of the channel
is large compared to the y dimension so that property changes
in the z direction are negligible. The nonelectrode walls have
thicknesses d; and d, and electrical conductivities oy and o.
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TECHNICAL NOTES AND COMMENTS 2165

Hall effects are neglected so that simple Ohm’s law is ap
plicable.!.2

The equation of motion and the simplified form of Ohm’s
law appropriate to the present problem are

dp - d*u
_(E"‘ud‘y;“*]sz:O (1)
J, = o(E. + uB,) @

where E., is constant and has the same value in the fluid and
walls. It is convenient to introduce the following dimension-
less parameters:

7 = y/w a = z/w Y = u/i
P o\ 172 E,
T = —— M = Bw <—> P = 3
/) dav Ba @
where the reference velocity # is the mean velocity defined as
1w i
a =5 [ uy @

The solution to Eq. (1) is the well-known Hartmann profile

o < M [ — coshMy
Y= \M = tanhM

coshM
The total current per unit length in the x direction, includ-
ing leakage current in the nonelectrode walls, is given by

I=o f’(ww) Bdy + o f_w (B, + uB)dy +

w -t de
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The quantities 8; and 8, are the conductances of the lower and
upper walls, respectively.

The quantity 2 + 0 4+ 6 can.be given a simple physical
interpretation as follows. If L is the width of the channel in
the z direction, then R; = L/2¢w represents the internal re-
sistance of a fluid element of unit length in the z direction
and of height 2w. Likewise By, = L/ody and By = L/oud,
are the resistances of the channel walls. A simple manipula-
tion shows that

2+ 6+ 6, = 2(R;/R*) 9

where

s (Lo Ly LT
R —<Ri+R1+R2> (10)

Thus RB* is the effective resistance of the three parallel re-
sistances R;, R, Ry, and 2 4 6; + 0, is proportional to the
ratio of fluid resistance to total resistance consisting of the
parallel resistances of fluid and channel walls.

If V is the voltage difference across the channel in the z di-
rection, then V = —~LE.. In MHD generator studies, it is
convenient to work with a parameter expressing the ratio of
operating voltage to open circuit voltage. Thus one defines

1% E, (3}
K= o T o~ B an

where ®opes is obtained from Eq. (7) by setting I* = 0. The
power output per unit length in the « direction is given by the
expression ® = IV. Substituting for T from Eqgs. (7) and
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(8) and introducing the voltage ratio from Eq. (11) gives

(5 (B = K
® = 4pacM (w) 2+ 0,16, (12)

Equation (12) shows the dependence of the power output on
the wall conductances for fixed voltage ratio and mean veloc-
ity. For a given K and @, the power is a maximum when
6, + 6; = 0, corresponding to perfectly insulating boundaries.

It is of interest to express the power output in terms of the
pressure gradient. A relationship between mean velocity
and pressure gradient can be obtained in the form

-  (w/w)(dP/dx) a3
“ = RMK/@2 + 6+ )] — [M3/(M — tanhi)]

Combining Eqgs. (12) and (13) gives
AMAL/w)(K) (A~ K){w'/w) (dP/dx)*

2MK e :
2+ 6, + ) <2+01+32_M—tanhM>

® = (19)

The voltage ratio that maximizes the power output can be
obtained by setting the derivative of @ with respect to K
equal to zero. It is clear that the optimization can be done
at either constant mean velocity or constant pressure gra-
dient. If one of these parameters is held constant while the
external loading conditions are changed, the other parameter
must adjust itself in a manner ecompatible with the equation
of motion. From Eq. (12), the condition

O®/0K)z = 0

gives K = % as the optimum voltage ratio at constant mean
velocity. From Eq. (14), the condition

O®/OK)apjaz = 0
gives

1

1 + {(tanhM — M)z/[M(2 + 8.+ 6)1}

K =

as the optimum voltage ratio at constant pressure gradient.
There is thus a distinetion between power optimization at
constant mean velocity (or mass flow rate) and constant pres-
sure gradient in that the latter case depends on the Hartmann
number M and the wall conductances.

A final relationship of usefulness is that between the ex-
ternal load resistance R and the voltage ratio K. From Eq.
(7), the total current per unit length of generator can be
written as

I = 2caBw(l — K) (15)
The total current also is related to the external load through
the relation
LE, _  LKaB,

I =~ 7 - 7 Dopen (16)

Equating Egs. (15) and (16) and substituting for ®open from
Eq. (7) gives the results

m= (o) fK) = B <1 %) o7

1 1
K= T erEer o+ 1+@ym

and

Equations (17) and (18) show the influence of the wall con-
ductances on the relationship between external load and
operating voltage ratio. Equating Eq. (18) to the values of
K, which optimize the power output, then establishes the
relationship between external load resistance and internal re-
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sistance of fluid and channel walls which must be satisfied for
maximum power output. For constant mass flow rate, the
ratio of internal to external resistance which maximizes the
power output is

R*/R =1 (19)

For constant pressure gradient operation, the corresponding
ratio is

R* 2 (tanhM — M)

=1 gy

E ' T uE+ o+ o) (20)
References

! Chang, C. C. and Lundgren, T. S., “The flow of an electri-
cally conducting fluid through a duct with transverse magnetic
field,” Proceedings Heat Transfer and Fluid Mechanics Institute
(Stanford University Press, Stanford, Calif., 1959), pp. 41-54.

? Chang, C. C. and Yen, J. T. “Magnetohydrodynamic channel
flow as influenced by wall conductance,”” Z. Angew. Math.
Phys. XIII, 266272 (1962).

Transient Radiation Heating of a
Rotating Cylindrical Shell
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Nomenclature

radius of the cylinder, ft

wall thickness (assumed to be small compared with the
radius), ft .

thermal éonductivity of the wall material, Btu/ft hr °R

<

©w

k =

7 = Stefan Boltzmann constant = 0.1717 X 108 Btu/ft?
hr °R*

¢ = gpecific heat of the wall material, Btu/lb °R

p = density of the wall material, 1b/ft3

a = average (with respect to wave length and angle of in-

cidence) absorptivity of the wall material
average total hemispherical emissivity of the wall
material for the spectrum of wave length radiated by
the cylinder
K, = energy received from the sun by a plane perpendicular
to the “line of vision,” Btu/ft?hr
Kn(t) = energy received from the thermal radiation pulse by a
plane perpendicular to the “line of vision,” Btu/

2
I

ft2hr

¥ = angular position fixed with respect to the rotation
cylinder

] = angular position fixed with respect to the heat sources

Introduction

BRIEF survey of the literature pertaining to the heating

of rotating shells by radiation can be found in Refs. 1

and 2. The problem considered here is that of a thin-walled
circular cylinder, rotating with uniform veloeity about its
geometric axis. Initially, it has a temperature distribution
corresponding to the equilibrium state with the solar radia-
tion. It is then suddenly exposed to a time-dependent source
of radiation. It is assumed that no heat exchange takes
place inside of the cylinder and that external heat losses
occur by thermal radiation only. Furthermore, it is assumed
that the time-dependent source is on a “line of vision’ be-
tween the cylinder and the sun (the equations easily can be
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