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Table 1
—B
—f(0) = « Kennedy (19)
0.1637 102 0.35 X 102
0.1074 103 0.85 X 10~3
0.0713 10— 1.156 X 10~*
0.0513 105 1.21 X 103
0.0396 106 1.17 X 108

In the Table 1, a comparison is made between Kennedy’s
numerical results and those predicted by (19).

It may be noted that, for |3 < 10-3, the errors in (19) cor-
respond to errors O(a?) in f/(0) and may well arise from the
neglect of a?in (7).
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Hydromagnetic Flow between Two
Rotating Cylinders
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AMAMOORTHY! has considered the hydromagnetic
flow between two concentric rotating cylinders subject
to a radial magnetic field. He has used the approximate
equation deduced by Rossow,? neglecting the induced mag-
netic field. The simultaneous solution of the Navier-Stokes
equations and Maxwell’s equations for any hydromagnetic
problem presents a formidable task. The induced magnetic
field is generally ignored in order to uncouple the two sets
of equations. The object of this note is to demonstrate
that, in the problem of axisymmetric rotational flow in an
annular channel, the two sets of equations do not get coupled
even when the problem is generalized so that 1) the induced
magnetic field is not ignored, 2) an axial pressure gradient is
present, 3) the outer cylinder has a translational velocity in
the axial direction besides the uniform rotational velocity,
and 4) a uniform suction velocity is imposed at the wall of
outer cylinder and a uniform injection velocity on the wall
of inner cylinder.

In this generalized problem, it is demonstrated that the
principle of independence of axial and rotational field holds.
Generalized Couette-type flow caused by the relative motion
of the walls of the channel, together with an axial pressure
gradient with suction at the walls in the absence of magnetic
field, has been considered by various authors.*—® The case
of flow due to the axial motion of the outer cylinder with sue-
tion at the walls and an axial pressure gradient has been
studied by Jain and Mehta.? These all become special cases
of the problem considered here.

We consider steady-state laminar flow of an incompressible,
viscous, electrically conducting fluid through an annulus
with @ and b as its inner and outer radii. Since the annulus
is of infinite length in both directions (z axis) with no entry
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region of the fluid into the annulus, suction rate at the wall
of the outer cylinder must be equal to the injection rate at
the inner cylinder, i.e., aV. = bV, where V., and V, are
velocities of fluid injection and withdrawal. Cylindrical
polar coordinates (r,¢,2) are used having the axis of channel
as the z axis.

Since the problem is axisymmetric and the cylinders are
infinite, the physical variables can be assumed to be inde-
pendent of ¢ and z. They depend on the radial distance r
only.

We assume that

V = [V.(n),Vs(),V(r)]
H = [H.(r),Hy(r),H.(r)]
The divergence relation for V and H admit of a radial

velocity and a radial magnetic field inversely proportional
to r, that is,

i

1

V., = bVy/r

where 4 is a constant.
Introducing an axial pressure gradient —op/dz = P =
const, the magnetohydrodynamic equations in mks units

IIr = A/T (2)

take the following form:
Momentum
bW, Vel 10p ok [H‘f’
78 tT s p Or + r d )
d*V 1 dV
R AL VAL
Ap iﬁ ApldHg
pv 12 pv T dr =0 @
d*V, ApldH., P
dr2_(R~)rd pv T dr ;)—11_0 5)
Ohm’s Law
Ve = w/A)[(xR — 1)Hy — r(dH 4/dr)] (6)
V. = (v/Ax)[»xRH, — r(dH./dr)] (7)

where B is suction Reynolds number ((V:/v) and » =
ouv.
The boundary conditions are

Zqﬁ‘jng} atr =25 ;/Iz'__‘g} atr = b (8)
¢ z =
Vo = aw, atr =a V.=0 atr=¢

Equations (4) and (6) are two simultaneous ordinary differ-
ential equations in V4 and Hg, and they determine the
peripheral velocity and magnetic field. Equations (5) and
(7) similarly determine the axial fields. The two pairs of
equations can be solved independently of each other. Thus
the axial and peripheral fields do not interact in the problem
posed. The radial pressure distribution can be determined
from Eq. (3) after V4 and H, are obtained as solutions of
Eqgs. (4) and (6).

Eliminating V4 between ¥gs. (4) and (8) and V. between
Eqgs. (5) and (7), we get

dH¢,

+@4-R —xR)2 ¢ 1

(B — DGR - 2) —

R+1) — Mz]r%i" +

[(R+ DOR — 1) — M2Hy =0 (9)

— ;fR)r2 dH +

(R — 1) R — 1)— M?)r dgz - ‘i" PP =0 (10)

where M? = A2u20/pp. The sets of three boundary condi-
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tions to be satisfied for the third-order ordinary differential
equations (9) and (10) are

dH y/dr = — (:11{/1/)@1 _

I | atr =0

é
dH./dr —U{Ax/vb) _
I — 0 atr =0 (11)

[(;R — DHgs — a(dHy/dr)] = (Ax/v)aw at r = a
[*xRH, — a(dH./dr)] = 0atr = «a

fi

The expressicns for Vg, H g and V., H, are given by

(An/V)Ve = AxR(1/r) + As(xR — 1 — M)rd +
AsGeR — 1 — N)re (12)

He = A(1/r) + Ag™ + Agrde (13)
where

Mhe = RO + ) *
(R21 + 22 — 4B + (R — 1) + 4M2}12]  (14)

(Ax/v)V, = xRB) + (xR — o) Bor® +
(xR — as)Byr* + (xR — 2)Kr? (15)

H, = B, + Byr® + Byr* 4+ Kr? (16)
aya0 = R 4 ) £ {R2(1 — %)? + 4M2}12)
where (17)
K = (4Px/pw?)[(R — 2)(xR — 2) — M?]1

and A’s and B’s are constants of integration. Their values
satisfying the boundary conditions (11) become

Ar = (Axn/v)1/0)[en(he — M) X
(a2b1+)\1 bl—i—)xz _ %szbl‘*’)“ bl-l—)\z) +
waf (Ns — N)xRBBITN pI+% L (R — 1 — ) X
Bl TN LN — (R — 1 — \)bWlTM BN (18)
Az = (Ax/v)(1/c) [wi{l + M) {a®BlTr — 3RbI+2 )
b2ws{ N BB T2 A (R — 1 — N)alT™}] (19)

As = (Ax/v)(A /) (1 + N) X
(xRbWL+N — g2pl+N) —
B MARBITM 4 (R — 1 — N)altM ] (20)
where
C = xRb1TMpI+2 (N — Ny) + (1 + M) (R —
1 — A)altMpldde (1 4 \)HR — 1 — \al+r pitn
and
B, = 1%’2 [(w - @) {(uR — 21 ~ ) — XAV% U} -

(A%Ul_[_ 2>{(7(R _ 041)(] - 00:1) _—

Kvb?
(B — a)(l — e“m] (21)

K AnU
9 = T T 2 - 0 - B "Kv
B Db _a.(l IOk — 2) = an
([i%U _|_ 262) (1 _ 0“2)(%R — C(z)jl (22)
Ky :
B KT an AU N
33_—Dba2_(xR a)(1 — 6 )<KV +2b>_
AsxU
b2a, {(xR - 20 - 6% — K;b—2}] @3)
where

D = ay(xR — a)(1 — %) — oy(1 — 0*°)(xR — av)
= a/b
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The transverse field given by Eqs. (12) and (13) reduces
to the one obtained by Ramamoorthy® for the case of zero
suction velocity at the walls (R = 0). The axial field given
by Eqgs. (15) and (16) agrees with the solution of Jain and
Mehta.’

In the absence of magnetic field A = 0, M = 0, »x = 0,
Eqgs. (4) and (5) become exclusive equations in the dependent
variables V4 and V., respectively. The rotational field re-
duces to one obtained by Schlichting, and the translational
field agrees with Dunwoody® and Mehta’s® results. The
field due to simultaneous rotation of the two cylinders and
the translation of the outer can be obtained by superposition
of the two. It must be noted that the case without the
presence of the magnetic field cannot be obtained directly
from the solution (12) to (23) by putting 4 = 0, M = 0,
» = 0. This is accounted for by the fact that, in the case of
the hydromagnetic problem, the velocity field is obtained
from Eqs. (6) and (7) only after a nonzero magnetic field as
a solution of Egs. (9) and (10) has been determined.
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Thermodynamic Properties of
High-Temperature Helium

J. CuarLes HesTER* AND KENNETH (. SEWELLT
LTV Research Center, Dallas, Texas

Nomenclature

second radiation constant = he/k

&

E. = term value of the Lth electronic level, crn =1

/. = partition function

g. = statistical weighting function of the Lth electronic level

h = Planck’s constant

Iy = term value of the energy required to ionize the parent
atom to the bth degree of ionization, cm —!

k = Boltzmann constant

. mu. = mass of helium

me = mass of electron

T = temperature, °K

V = volume of mixture based on one mole at standard condi-
tions

p = density

Subscript

0 = standard conditions (see Table 1)
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