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The surface tension of a bubble is described by Young-Laplace equation, which becomes, however, invalid under the presence of electrostatic force, and a modified
one is obtained, which can be widely applied for Bubbfil spinning process.
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Introduction

The surface tension of a bubble can be described by the well-known Young-Laplace
equation [1, 2]:
1
(1)
s = r ( Pi - Po )
4
where r is the radius of a bubble, and Pi and Po are the air pressures inside and outside the bubble, respectively.
Liu and Dou [3] suggested a modification of eq. (1) by considering the effect of
humidity, which is an important factor in the Bubbfil spinning process [4, 5]. Their modification
can be expressed as [3]:
1
(2)
s = rR d [(1 + 061
. q i )Ti r i - (1 + 061
. q o )To r o ]
4
where Rd is the dry air constant, T – the temperature, r – the density, q – the specific humidity,
defined as q = mv/(md + mv), where mv and md are the mass of water vapor and dry air, respectively; the subscripts i and o mean the inner and outer of the bubble, respectively.
Both equations, eqs. (1) and (2), were obtained in absence of electrostatic force, which
is the acting force in Bubbfil spinning process (e. g. bubble electrospinning) [2, 4, 5]. It is necessary to have a modified equation under presence of electrostatic force for optimal design of the
Bubbfil spinning process [4, 5].
Surface tension of a non-hemisphere bubble

The Bubbfil spinning [4, 5] including the bubble electrospinning [2], blown-bubble
spinning [6] and membrane-spinning [7] is to use an electronic field or a blowing air or a meAuthor's e-mail: rouxi-chen@foxmail.com
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chanical force or their couple to overcome the surface tension of a polymer bubble. Though
there are many mathematical models for electrospinning [8], but the most useful model for
electrospinning and bubble electrospinning is the Liu-Wang model [9].
During the spinning process, a bubble will not appear in a sphere form as illustrated in
fig. 1(a). Under such case, the force balance can be written as:
2 × 2pRs sin a = pR 2 ( Pi - Po )

(3)

where R is the radius of the bottom section of the bubble, and a – the slope angle, which satisfies:
dy
(4)
tan a = ( x = R ) = y¢
dx
Figure 1. Force balance
in a non-sphere bubble,
(a) without electrostatic
field,
(b) with electrostatic
field

The surface tension of a non-hemisphere bubble can be, therefore, written as:
R ( Pi - Po ) R ( Pi - Po ) 1 + y¢ 2
=
4 sin a
4 y¢
For a hemisphere bubble, we have a = p/2, and we have eq. (1).
s=

(5)

Effect of electrostatic field on the surface tension of a bubble

Under the presence of an electrostatic field as illustrated in fig. 1(b), we have the following a force balance equation for a hemisphere bubble:
2 × 2prs = pr 2 ( Pi - Po ) + 2pr 2 eE

(6)

where E is the electric field intensity and e – the electric charge per area. The surface tension of a
bubble can be expressed in the form:
r ( Pi - Po + 2eE )
(7)
s=
4
That means the surface tension of a bubble geometrically depends upon its size, and
can be adjusted by the electrostatic field. When Pi = Po + 2eE, the surface tension tends to zero.
For a non-sphere bubble, we have:
r (Pi - Po + 2eE ) r ( Pi - Po + 2eE ) 1 + y¢ 2
=
4 sin a
4 y¢
Equation (8) is valid for all non-sphere bubbles under the electrostatic field.
s=

(8)
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Conclusions

This short note reveals that the surface tension of a bubble reduces significantly by adjusting electrostatic field, when it reaches a threshold value, the surface tension vanishes completely. This phenomenon is extremely useful for Bubbfil spinning process for mass-production
of nanofibers.
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