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ABSTRACT

Equilibna of a finitely conducting fluid are shown 10 exist in systems with cylindrical topology
for which constant Bernoulli surface has an elliptic transverse cross-section with the eccentricity
given by an arbitrary function of the axial distance. A change in the parameters charactenzing
the solution leads to a generalized class of hyperbolic equilibria for which the constant Ber-
noulll surface has an hyperbolic transverse section.

INTRODUCTION

Exnorranow of geometric theories of curves
and surfaces in fluid flow theories could furnish
information of the flow structures. Suryanarayan!
showed that Bernoulli’s surface exists in the case of
steady incompressible hydromagnetic flows when
the magnetic field 1s in the fixed direction. [t seems
that the Bernoulli surface plays a key role in the
investigation of the geometrical aspects of such
flows. Several workers® ' have also tried to study
the geometrical properties of hydromagnetic flows
without giving due importance to the existence of
Bernoulli surface.

The present investigation of geometrical proper-
ties of hydromagnetic flows considers Bernoulli
surface following Suryanarayan'. For simplicity, we
consider a steady, incompressible, infimtely conduct-
ing hydromagnetic flows and discuss the behaviour
of velocity profile. Although the scope of the pre-
sent paper 1s limited, the method can be applied to
more general cases.

BASIC EQUATIONS

The basic equations governing the steady flow of
finitely conducting fluid when the magnetic field is
in the fixed direction is characterized by

divy = 0 (1)
wxv=-~Y(p +%~;w2 +SuH°) (2)
curlv = w, (3)

where p Is the pressure of the fluid, P = p +%pH2
is the magnetic pressure, V the velocity vector, w the
vorticity vector and B(= P+ -i—pvz) the Bernoulh
function. Equation (2) is useful for investigating the
nature of the field of flow in specific class of MFD
flows.,

ANALYSIS

In a system of rectangular cartesian coordinates
(x,y,2), let us prescribe the velocity field as

vy = ¢y f(2)], Vy = $[xh(2)], v, =10, (4)

which identically satisfies (1). Here f{z) and h(z) are
arbitrary functions of z. Using (4), equation (3)
gives the vorticity'!

Wy = "‘¢£Xh', w, = d’iyf':
W, = ‘i’:?.h"“(#if: (5)

where primes denote differentiation with respect to
the argument. Using (4), equations (2) and (3) give

Plp = B(x,y) —3(¢f+ #3). (6)
Applying (4), (5) and (6) in (2), we have
6B _ ... B _
— = b2/, Py d12h, (7)

from which, it is clear that one requires

ey f(z))dolxh(z)] = 7(x,y). (8)

From (7) the integrability condition for the existence
of B(x,y) Is

Sif* 191 = ik, = k(2), %)
where k(z) is an arbitrary function of z.

Let us differentiate the first equation in (9) with
respect to y and z, and we get

fPo1 = ke] (10)
2ff $T+yfroT =kyf'di+k'ér.  (11)
Using (10), equation {11) becomes

2ff d1 =k ¢, (12)
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which is consistent with the first equation in (12).
Stmilar deduction follows for the second equation
in (9).

There exists two distinct classes of the equations
according as k # 0 or k = 0. For k # 0, from (7)
and (9), we have

Plp = - ¢3¢ fhik + constant. (13)
Using (13), equation (6) becomes

B = By—¢ydifhlk+3(di+¢3), k#0, (14)

Bo being an arbitrary constant. For & = 0, (9) gives

¢1 = Gyfz), ¢z = Hxh(z), (15)

where G and H are arbitrary constants. From (15)
and (8), we have

[f(z)h(z)]?‘l' = constant. (16)

First let us choose this constant to be imaginary, say
iC., where C is real.
Using (7), (15) and (16), equation (6) becomes

1[{C*H C:G
B = B@+-2-[(E—F+1)¢%+(th + 1)¢§_. (17)

For G = H=1, (17) becomes

- N
+v%l, (18
_’12(2) ’ i {8

B = By+ %cZ[l + a¥(z)

where a(z) = f(z)/C.

The intersection of the constant Bernoulli surface
with a transverse plane z = constant gives a family
of nested ellipses.

(x%/a%) + (y%1b?) = 1. (19)

Within the bounding ellipse corresponding to
B = 0. Here

2B~ By)a(2)
CH1+a%(2)]

b'}( ) 2(3 - Bu)
KZ) = :
C[1 + a(2)]
(20)

HZ(Z) —

The eccentricity o of the loci B = constant, 1n a
given plane z = constant 18 given by

h* — a* ] — a®(z)

1)

o(z) = e
b* + o 1 +a(2)
Choosing the constant in (16) to be real, say A, (6)
becomes
1A H AG O\ L
B=8B,—- ( -3 1)@'%*‘(“ : 1)9’)3 (22)
2ING Y- HiIv ]

Choosing H = kG, where k| 1s a positive constant,
(22) reduces to

_ l 2 42T R2( . — —2_ x*
B = BU+2le A [B (Z I]Fﬁy Bz(z)} (23)

where B(z) = f(z)/AV k. The intersection of the
constant Bernoulli surface with a transverse plane
z = constant gives a family of hyperbolae

(y?/b*) — (x*/a®) = 1, (24)

where
2(B — By) BZ(Z)
G2AYB(2) - 1)
2(B — By)
kL G2AYBY(z) - 1]

a’(z) =

bz(z) n—

The eccentricity v of the loci B = constant in a given
plane Z = constant is given by

b+ 14+ B7(z2)
12) b -a* 1-pYz)

Now we consider the case f(z) = h(z) = 1 and then
(3) gives

(25)

vy = Gy, Hv, = kGx. (26)

Equation (26) represents a streamline configuration
near a x type velocity neutral point that 1s relevant
for the streamline reconnection. For this case, we
have

H}r ] H.’r}r — 0‘

w. = Gk —1),

so that it 1s necessary to have k # 1in order to allow
the streamline reconncction to take place.
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ANNOUNCEMENTS

INTERNATIONAL COLLOQUIUM ON MICROBIOLOGY IN POECILOTHERMS

The colloguium will be held at the CNRS, 15
Qui Anatole, France during 10-12th July 1989,

The aim of the colloguium is to resume the
themes analysed in EXTER, enlarging them to
the totality of poecilotherms and to the aquatic
environment.,

The program involves studies carried out in the
laboratory, in natural environment as well as
modelling tests: Microbial ecology: host-bacteria
relationships: symbiosis, saprophytism; trophic role
of the environmental flora....:; microbial metabo-
hsm: digestion of complex glucids; production of
growth factors; other specific metabolisms; partici-
pation of saprophytic bacteria to pathological syn-
dromes; intestinal microorganisms housed by poeci-

lotherms. This list of proposed topics is not restric-
tive and can include all the aspects concerning bac-
teria and animal-host relationships.

There will be plenary sessions with oral and
poster presentations. Each session will be opened
by an invited keynote speaker. Fapers will be re-
viewed, discussed and edited by a selected editorial
board. There will also be an opportunity for work-
shop to discuss specific problems. French and
English will be the official languages ot the Inter-
national Colloquium.

Further particulars may be had from the Secre-
tariat: CNERNA, Mme A. Hilaire, Microbiology
and Poecilotherms, 75007 PARIS (France).
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THE ROLEX AWARDS FOR ENTERPRISE

It was in Geneva on 22 September 1976 that The
Rolex Awards for Enterprise were first announced.
These international Awards were established by
Rolex to mark the 50th Anniversary of the Rolex
Opyster, the first truly waterproof watch with a case
that could guarantee complete protection of the
movement against water and dust. The Awards
have been granted on four aoccasions: in 1978, 1981,
1984 and 1987. In 1990, they are to be granted again
for the fifth time.

As before, there will be five Awards, each consis-
ting of a sum of 50,000 Swiss Francs and a gold
Rolex chronometer specially engraved for each
Laurcate. The Rolex Awards are intended to pro-
vide financial assistance to persons with the spirit of
enterprise in order to allow them to carry out vn-

conventional projects in one of the following three
broad fields of human endeavour: (i) Applied
Sciences and Invention; (ii} Exploration and Dis-
covery; (iil) The Environment.

Projects must display the “spirit of enterprise” plus
qualities of innovation, originality, inventiveness,
interest and impact. In addition, they must be fea-
sible, and there must be a good hikelihood that they
can, 1n fact, be carned out.

Prospective applicants should write for an Official
Application Form to: The Secretariat, The Rolex
Awards for Enterprise, P.Q. Box 178, CH 1211,
Geneva 26, Switzerland,

Projects must be presented in English and should
reach the Secretanat, at the above address, not later
than 31 March 19&9.
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