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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Parameters of the container/tube as shown
in Fig. 2(a).

K/ BWEMST Reon/mm R/mm [I/mm ho/mm
R2 70 2 54 20
R8 70 8 51 40
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Fig. 2. (a) Schematic diagram of container/tube system in which the tube is connected to the container;

(b) schematic diagram of the container/tube system in which the tube is immersed in fluid.
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Table 2. The relevant parameters of Eth/H2O mixtures at different volume percents.

o/N-m~1 (£5%)

p/kgm™3 (+5%)

v/cSt (£1%) vs/(°) (£2°)

Eth/H20 20/80(%vol.) 0.0443 958 1.49 66

Eth/H20 30,/70(%vol.) 0.0364 937 1.83 54

Eth/H20 40/60(%vol.) 0.0328 916 2.11 42
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Fig. 3. (color online) Meniscus height h as a function of
microgravity time ¢ for two different containers/tubes:
(a) container/tube R2, the radius of the tube is 2 mm;
(b) container/tube R, the radius of the tube is 8 mm.
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Fig. 4. (color online) The comparison of experimental results of h-t curves and numerical results from Eq. (2)
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Abstract

The capillary-driven liquid flow in tubes connected to containers under a microgravity condition is systematically
studied in a drop tower experimentally. The microgravity time lasts up to 3.6 s and the working liquids are mixtures of
ethanol and deionized water with different ratios. Theoretically, based on the previous theory for tubes directly immersed
in fluid, a modified formula is developed to describe the change tendency of the height of meniscus with microgravity
time for such a container/tube system exposed to a microgravity environment. From the theoretical formula, the
numerical results of meniscus height at different microgravity time can be obtained, utilizing the geometrical parameters
of container/tube systems and the relevant physical quantities of Eth/H2O mixtures with different ratios. By comparing
the numerical results with experimental results for different contact angles between working liquid and container in
different container/tube systems, we show that the theoretical model is able to quantitatively predict the capillary-driven
flow in tubes connected to containers, and the numerical results have good consistence with the experimental results. In
addition, the experimental results also show that though the ratio of ethanol to deionized water can change the contact
angle remarkably, it has little influence on the capillary flow if the geometrical parameters of the container/tube systems
are the same. This is because not only the contact angle, but also the surface tension and viscosity coefficient of the
working liquid change with the ratio of ethanol to deionized water. It is found that when the contact angle increases from
42° to 66°, the surface tension increases from 0.0328 N/m to 0.0443 N/m correspondingly, but the viscosity coefficient
decreases from 2.11 ¢St t01.49 ¢St. As a result, the changes of surface tension and viscosity coeflicient offset the influence
of the change of contact angle, which can be explained by our theoretical model. Compared with the extensively studied
system in which tubes are directly immersed into liquid, the container/tube system studied in this paper is more similar to
many actual systems such as fluid transfer systems in the microgravity condition and in micro-fluidic devices. Therefore,

this study is useful for predicting and analyzing the capillary flows of these actual systems.

Keywords: capillary flow, capillary tube, microgravity, contact angle

PACS: 47.55.nb, 68.03.Cd, 68.08.Bc DOI: 10.7498/aps.64.124703

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11032011, 11172302).

Corresponding author. E-mail: xush@imech.ac.cn
1% g

124703-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.124703

	1引 言
	2微重力落塔实验
	Fig 1
	Table 1
	Fig 2
	Table 2


	3结果与讨论
	3.1 实验结果
	3.2 理论分析
	Fig 3

	3.3 实验结果与理论分析的对比

	4结 论
	Fig 4

	References
	Abstract

