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. INTRODUCTION

The requirement of conservation of charge can be stated a
follows suppose at the nozzle one introducesin to the fluid

stream acurrentQ , which manifests itself as surface charge.
Then

=o(z)2rtu, (1)

And the electrical stress on the surface of the jet is
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The Navier-Stokes equation for U then reduces to
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This has solution
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Alternatively, in terms of the jet radiust
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Using the dimensi onless quantities defined in equation
t 2 2
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One has the dimensionless equation

e o

The behavior of T versus 5 isalso plotted in figure (1)

for f =1, = 0. Itis seen that surface charge hasthe

opposite effect from surface tension, producing a more rapid
variation of jet radius with length.
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Figure (1)

It can be noted from figure (1) that, as stated earlier, jet
radiusis not a strong function of axial distance. Thus, asan
approximation, one can locally apply the stability criteria
developed for the cylindrical jet. For the inviscid jet with
surface charge, the stability criterion for sausage instability
was given (with a=t), from equation
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The maximum in stability occurs at
Zzl_ﬁ (10)
2 280}/

Notethat whenO g = 0, 772 = ]/2, the approximate

Raleigh result.
Substituting this maximum into equation (9), we obtain for
the maximum instability
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(12)

Thus for charged jet there exists a critical value of t at which
the jet becomes unstable. Thisis given from equation (11) as

2
7 -20 12
3 got? (12)

However, for the inertial jet, 0 isafunction of

T according to equation (1)
2ntu,  2q
Substituting into equation (12) one has
2 2
¥ _Q%p
tc3 4e 2
So that the critical radiusfor jet breakupis
2
2 2
Q%p
Substituting into equation
= prt’u, = prt’e, (15)

Givesthe critical velocity, andinto (5) gives the length of
the jet at breakup. In terms of the dimensionless parameters

3
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Of coursg, if 7 > 1, no breakup is predicted.

oo(z) =

tc

Free, Viscous Inertial Jet

If one examines the force balance on a differential el ement of
theinertia jet, one has

ISSN:2278-5299

t t
A2 g = Af 2rdrez + pat“az+ 2nthzrg (17

Where z’orz is the surface shear on the jet, or hence

ot 2 0t 2
pe jozmdrpuz - [ozd ez +pynt®+2nteg (19
For afreejet, Torz = O, and assuming

u, =u, (z) only and Tz7 =T7z (z) only givesthe
differential equation

Mz _10(7z |, 9 (19)
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The stresses are
ou
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The continuity equation gives
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We then have from (20) ,(21) and (22)
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Wheret and U are related by equation (15) Substituting
(23) into (19) Gives
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Whichisthe differential equation forl, (Z) , and hence t

(2). One can put thisinto dimensionless form as follows.
Equation (26)

w":(w WA (26)
w W

Dos not follow from the preceding equation (24) on condition
the analysis from equation (24) it was found that the constant
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A dos not lead to anon dimensional equation we found that
the aapproximate A should be

1

/125 ptof/Wo [359 jZ (%)

Correction of some derivations

To obtain the required form. Below we give the calculate of
this equation. We start from equation (24)
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In asimilar manner the equation which includes the effects of
surface charge in this formulation has been obtained in the
form

w' A Q
" R0 YV | 27
w (W o W+w2 (27)

While the correct form as before, should be

w'” W+W, 4 g -1
W W:I/Z W2

CONCLUSION
In this paper the derivation of equation(27) from equation

(24) wasin error in the original text [1]. The correct version
is then equation (27)
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