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Abstract: The streaming bounded hollow jet oscillation under oblique varying magnetic field has been

developed for axisymmetric perturbations. The problem is formulated, solved and upon applying

appropriate boundary conditions, the eignvalue relation is derived and discussed. The streaming has a

strong destabilizing effect while the liquid-gas cylinders radii ratio has a stabilizing tendency. The capillary

force is destabilizing only for long wavelengths but it is stabilizing for the rest.
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INTRODUCTION

             

Here we discuss the streaming bounded hollow jet

oscillation endowed with surface tension and pervaded

by an oblique varying magnetic field. The capillary

oscillation of a gas cylinder surrounded by an infinite

liquid for small axisymmetric perturbation is due to

Chandrasekhar . Later, Drazin and Reid  gave such[2] [4]

dispersion relation for all  modes of perturbations. In[3 ]

Cheng discussed the stability of this ordinary problem

of hollow jet (gas jet surrounded by an infinite liquid),

under the effect of the capillary force for slow flow.

Kendall  made very interesting experiments with[5]

modern equipment for investigating the capillary

instability of a hollow jet. He  did write about the[5 ]

application of such stability in several domains of

s c ie n c e .   F o l lo w in g  so m e  in s t r u c t io n  o f

Chandrasekhar  and Kendall  that the liquid interia[2] [5]

force is predominant over that of the gas, Radwan[6]

studied the capillary stability of viscous hollow jet for

small axisymmetric perturbation. Afterwards Radwan

and Elazab  discussed the stability of the hollow jet[7]

for various circumstances.

Unperturbed State: Consider a  gas  cylinder of

0radius R  surrounded by finite cylindrical liquid of

0radius qR  (1<q< 4), stream with uniform velocity

       (1)

The liquid region is pervaded by 

       (2)

The gas cylinder is pervaded by oblique varying

magnetic field

        (3)

0where á,â are parameters while H  is the intensity of

the magnetic field in the liquid region. The components

of are considered along the cylindrical

coordinates (r,0,z) with the z-axis coinciding with the

axis of the coaxial gas and liquid cylinders. The model

is acted by the capillary, pressure gradient, inertia and

electromagnetic forces where the liquid inertia force is

predominant over that of the gas (cf.Chandrasekhar[2]

and Kendall ). The basic equations are the[5 ]

combination of ordinary hydrodynamic equations and

Maxwell equations concerning the electrodynamic

theory. For incompressible, non-viscous and perfectly

conducting fluid, they are given as follows.

   (4)

        (5,6)

 (7)

   (8)
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     (9)

Here ñ,u and p are the liquid mass density,

velocity vector and kinetic pressure, H  and H  are theg

magnetic field intensities in the liquid and gas regions,

sì the magnetic field  permeability coefficient. p  the

curvature  surface pressure, T the surface tension

coefficient and is the outward unit vector

normal to the gas-liquid interface directed as the

cylindrical coordinate r does, where the equation of

the gas-liquid interface, is 

       (11)

Perturbed State: For small departures from the initial

streaming state, the variable quantities describing the

motion of the hollow jet,  say, could be

expressed as

  (12)

Here stands for 

and the radial distance of the gas cylinder. Quantities

with subscript 0 represent the values  in the

unperturbed state, while those with index unity

represents small fluctuation from the basic quantity.

Upon considering a sinusoidal wave based on the linear

perturbation technique, the radial distance of the gas

cylinder may be described as

       (13)

       (14)

1Here R  is the elevation of the surface wave

measured from the unperturbed position, k (real) is the

longitudinal wave number and ó the growth rate. 

By insertion of the expansion (12) into the basic

equations (4)-(11), the unperturbed system of equations

are obtained and solved:

    (15)

Here  is the contribution of the capillary

force,  the gas constant p ressure and

the magnetic pressure due to the

effect of electromagnetic forces in the gas and liquid

regions. We have to mention here as 

must be greater than otherwise 

      (16)

so the model collapses and gases scape in the liquid

and there is no hollow jet anymore.

The perturbed system will be described by the

equations 

 (17)

       (18)

       (19)

    (20)

       (21)

       (22)

       (23)

where  

       (24)

is  the  total  magneto  hydrodynamic pressure which

is  the  sum  of kinetic and magnetic pressures. In

v ie w  o f  th e  e q u a t io n  (2 4 )  we  see  th a t

   constant. 

According  to  the linear perturbation technique

and  taking into account the time-space dependence,

the  perturbed  quantities could  be

expressed as     

     (25)

By combining equations (17) and (20) upon

utilizing the time-space dependence, we get

           (26)



J. Appl. Sci. Res., 4(3): 241-247, 2008

243

        (27)

       (28)

By the use of (25) for equation (28), we get

       (29)

The non-singular solution of (29) is given by 

       (30)

                                            

where and are the modified Bessel

functions of the first and second kind of order m,

while A and B are constants of integration to be

15determined. The surface pressure p  is now given by

       (31)

where is the longitudinal dimensionless wave

number.

Equation (23) means that the perturbed magnetic

field  in the gas region may be derived from a

scalar function  , say

      (32)

By inserting (32) into(22), we get

      (33)

By using the expansion (25) for equation (33), the

non-singular solution of equation(33) is given by

       (34)

where c is constant of integration to be determined.

Boundary Conditions: The normal component of the

1velocity u  must vanish at the liquid cylinder interface

at , this reads

from which we obtain

       (35)

The normal component of the velocity of the liquid

must be compatible with the velocity of the gas-liquid

interface (13) at . This reads

       (36)

where

       (37)

from which , we get

       (38)

or alternatively

        (39)

By substituting from equations (26) and (30) into

equation (39), we get

 (40)

By solving (35) and (40) for A and B , we get

       (41)

       (42)

where D is given by

      (43)
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Fig. 1: MHD stable and unstable domains.

Fig. 2: MHD stable and unstable domains.

The normal component of the magnetic field  must

be continuous across the gas-liquid interface (13) at

, this condition reads 

   (44)

with

       (45)

       (46)

By substituting from equations (2), (3), (27), (30),

(34), (41)----(43), (45), (46) into equation (44), we

have

       (47)

The jump of the normal component of the total

stress tensor due to the pressure gradient and

electromagnetic forces must be discontinuous by the

5curvature pressure p  of the capillary force. This

condition at , reads
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       (48)

Substituting for   in the

condition (48), we obtain the dispersion relation

  (49)

with

       (50)

       (51)

       (52)

Discussions: Equation (49) is the MHD eignvalue

relation of the streaming bounded hollow jet , pervaded

by  magnetic  fields  (as  in  equations  (2) and (3)).

It relates the growth rate ó with the wavenumbers x

and  y,  the  modified Bessel functions, their

derivatives and their combinations , the

magnetic field parameters  á,â and with the parameters

 of the problem 

If we suppose that U=0, 

ÿ  4, equation(49) reduces to

 (53)

    

This relation coincides with the dispersion relation

indicated by Chandrasekhar  [2]

If we put U=0,   q ÿ  4 the  relation

(49) gives

          (54)

This recovers the dispersion relation derived earlier

by Radwan .[6]

The capillary criterion of streaming bounded

hollow jet is given from equation (49), as

, in the form

The magnetodynamic criterion of streaming

bounded hollow jet is given from equation (49) as T=0

in the form

       (56)

Stability Discussions: Here the eignvalue relation of

the present model is a quadratic relation in ó . The2

time dependence is given as exp (ót). Therefore, we

have three different cases:

C if ó  is negative , the model is ordinary stable2

C if ó  is positive , the model is ordinary unstable2

C if ó  is zero , the model is marginally stable2

In order to investigated the stability of the problem

under consideration , we need to write down about the

character and behavior of  the  modified  Bessel

0 0functions l  and K  of different arguments and their

combinations Consider the recurrence

relations (cf. Abramowitz and Stegun ) of the modified[1]

0Bessel functions and that l (x) is positive definite and

0monotonic increasing while K (x) is monotonic

decreasing but never negative i.e.

        (57)

we may see, for non-zero real value of x, that

        (58)

Since y > x, so for , we have

       (59)
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Fig. 3: MHD stable and unstable domains.

Fig. 4: MHD stable and unstable domains.

  (60)

The capillary stable and unstable regions of the

bounded hollow jet could be determined upon

discussing the relation (56). As U=0, in view of the

inequalities (59)----(60), the sign of ó  depends on the2

sign of the quantity ( 1 - x ). Therefore  , we have the2

different cases 

        (61)
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This means that the stationary bounded hollow jet

is stable as (1 ) while it is unstable as 0 # x<1.

It is found that the foregoing stable domains are

decreasing while the unstable domain is increasing with

increasing U values. Also as the liquid-gas radii  ratio

q increases, it is found that the stable domains appear

to be increasing and vice versa. This means that q has

stabilizing tendency.

As we neglect the capillary force effect and

considering that the streaming bounded hollow jet is

acted upon the inertia, pressure gradient and

electromagnetic forces, its stability criterion is given

from (49) in the form (56). The effect of the

electromagnetic force in the liquid region is represented

by the term free from á and â which is (- x ) following2

the quantity . It has stabilizing effect and that

effect is valid for all short  and long wave lengths .

The effect of the axial magnetic field in the gas region

is represented by the term including á i.e. 

       (62)

which is negative for all  values, since

 is positive but  is negative . So the

electromagnetic force due to the axial magnetic field in

the gas region is stabilizing. The effect of the

transverse varying magnetic field in the gas region is

represented by the terms including â in equation (56):

       (63)

We see that the transverse magnetic field is

destabilizing. With increasing U values, it is found that

the magnetodynamic stable regions are decreasing

while the unstable regions are increasing. This means

that the streaming is destabilizing for all short and long

wave lengths.

These analytical results are confirmed numerically

see figs.  (1)----(4). 
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