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Analysis of film thickness and free surface in non—-Newtonian

fluid film—drawing process
PAN Xuqi, YIN Yaran, ZHANG Xianming , CHEN Wenxing
(National Engineering Laboratory for Textile Fiber Materials and Processing Technology,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: A special fixture was used to connect the substrate with the rotational rheometer, and
automatic control of the film-drawing experiment was realized by using the controllability of the pulling
speed and the immersion time of the rheometer. The whole process of film-drawing was recorded with
high-speed camera, and numerical simulation of the film-drawing process was carried out by using
hydrodynamics software, for purpose of studying the influence of pulling speed on the stress on substrate,
the thickness of liquid film and the shape of free surface in the pulling process. Results indicate that, with
the increase of the pulling speed, the vertical force on the substrate and the liquid film thickness increase
gradually, while the free surface lowered and the curvature of the dynamic meniscus region decreased
significantly. Under the same experimental conditions, the film thickness obtained by numerical simulation
and force analysis of the substrate was in good agreement with that obtained by high-speed camera, which
proved the feasibility of the two methods. Through the curve fitting of the experimental data points, it was
found that the film thickness was directly proportional to the 0. 68 power of the pulling speed.
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