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Abstract—A complex shape of an external meniscus formed due to the capillary rise of a liquid along
a fiber having the ovoidal profile is considered. Within the framework of the asymptotic approach and
under the assumption on the complete wetting of the fiber material by the liquid, an analytical solution
of the problem is derived. The particular examples of the meniscus configuration are presented in the
cases in which the fiber profile has the shape of an ovoid or an ellipse.
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When an isolated fiber is immersed into a liquid, the capillary rise of the liquid along the fiber changes
the shape of the free surface of the liquid and forms, as a result, an external meniscus. The meniscus
configuration is determined by both the fiber profile and the wetting properties of the fiber surface [1–3].
The menisci formed by round fibers are fairly well studied [4–8]. There are also some studies [6, 9–11],
in which the numerical and asymptotic methods were applied to investigate the menisci formed by fibers
with a smooth, near-circular profile.

In particular, in [11] shape of the meniscus on a fiber of elliptical cross-section was determined using
numerical methods. An analysis of the results of that study revealed an important limitation of the compu-
tational difference methods: they lose their effectiveness in the case of small contact angles characterizing
the wettability of the fiber material. This is attributable to the fact that in the case of small contact angles the
level function describing the meniscus shape is characterized by large, and in the case of complete wetting
even infinite, gradient values on the fiber surface. This seems an almost undefeatable obstacle in direct
numerical simulation of the problem using the difference methods. Thus, in the above-mentioned study [11]
the smallest calculated value of the contact angle was about π/3.

In [12] an asymptotic approach to an analysis of the configuration of an external meniscus on a fiber
with an arbitrary profile was developed under the condition of the smallness of its characteristic dimension
compared to the capillary length. Below it is shown that in the case of complete wetting the methods
developed in [12] can be applied to the derivation of an analytical solution of the problem of the meniscus
shape for the fibers, whose profiles belong to a certain class of smooth convex profiles.

1. FORMULATION OF THE PROBLEM

Let as a result of fiber immersion into a liquid there be formed an external meniscus Σ with the contact
line Γc on the interface of three media, namely, the air, the liquid, and the fiber material (Fig. 1a). The pro-
file of the normal section Γ of the fiber is smooth, convex, and has one axis of symmetry (it is the x axis in
Fig. 1b).

We will take half profile thickness along the axis of symmetry for the scale length Lm: Lm = ∣BD∣/2.
Apart from this length, one more scale can be introduced in the problem; this is the capillary length
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