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Abstract. The liquid bridge rupture confined between two glass plates is 
experimentally investigated. High–resolution shadow technique is used for 
video registration. Critical bridge diameters and distance between glass 
plates are found.  

1 Introduction  
The development of new technological potential for high-performance cooling systems 
with manipulation of phase-change at liquid–vapor interfaces for microelectronics and 
Light Emitting Diodes is highly required by the global miniaturization [1] and by growing 
up of heat flux densities. Active and passive cooling methods with phase transitions are 
available, such as microchannel flows [2–4] and heat pipes [5, 6]. Effects near liquid-vapor-
solid contact lines [7, 8], as well as temperature jump, which can present near the vapor 
bubbles [9-11] become important for such systems. The use of different nanocoatings can 
enhance heat transfer in cooling systems of small size [12]. 

Investigations of the behavior of the liquid bridges and meniscus occurring in heat pipe 
are one of the important problems for stable operation of heat pipes. For example, the 
highest intensity of heat transfer provided by evaporation of a thin liquid film that separates 
the vapor bubble from the heating surface in the pulsating heat pipe (PHP). The vapor 
bubbles are formed when the liquid is heated in PHP. The critical temperature difference 
between the heat source and the heat sink leads to auto-oscillations of the vapor bubbles 
and liquid plugs present inside the capillary tube [5, 13]. Heat is thus passively transferred, 
not only by latent heat exchange like in conventional heat pipes, but also by sensible heat 
transfer between the wall and the fluid. The oscillations are extremely important because 
they cause a significant increase in heat transfer intensity in comparison with other types of 
heat pipes [13]. Nowadays, PHP is most reliable and cheap compared to other heat transfer 
devices. 

The processes of liquid transfer between two solid surfaces, formation of liquid bridge 
and finally formation and evaporation of droplet are important problems for application in 
PHP. In this paper, we present the results of the experiment on dynamics of liquid bridge 
confined between two surfaces. 
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2 Experimental setup 
The scheme of experimental setup is presented in Fig. 1. To study the dynamics of the 
liquid bridge the shadow technique providing a resolution of 3 m per pixel is adopted. The 
test cell consists of two plates of round shape. Bottom plate has a hole of a diameter less 
than 1 mm for a liquid injection. The optical glasses BK7 with a diameter of 50 mm are 
used for experiments. The contact angle of water on BK7 is 40o; contact angle hysteresis is 
25o, which are characterized by DSA-100, KRUSS. Ultrapure water (MilliQ) is used as a 
working fluid. The liquid is injected from a bottom using a high-precision syringe pump 
(Cole Parmer) and liquid bridge confined between two surfaces is formed (Fig. 2a). The 
linear micro-positioner (Zaber) travels one of the plates changing and controlling the 
distance between surfaces. We have put some changes in C # to micro-positioner console. 
Experiments are conducted at normal atmospheric condition. Air humidity and temperature 
in vicinity of the test cell are controlled by Testo device. 

 

 
 
Fig. 1. Scheme of the experimental setup and apparatus. 

3 Measurements technique and results 

In the present experiments the liquid of volume of 21 l is injected through a bottom hole 
with a rate of 0.5 l/s into the test cell. The liquid bridge confined between two surfaces is 
formed with a practically the same contact angles at the top and bottom plates. The 
pressure, temperature and humidity of air were 100.5 kPa, 26.8 °C and 23.8 %, 
respectively. In order to investigate an evolution of the liquid bridge and contact angles 
with the changing the distance between two plates the following procedure is organized. 
The lower plate of the test cell is moved downwards by Zaber micro-positioner with the 
speed of 40 m/s until the rupture of the liquid bridge (Fig. 2a, b, c).  

Fig. 3 demonstrates evolutions of the two base diameters (Dt, Db), middle diameter (Dm) 
and height of liquid bridge (H) in real time. The middle diameter of the liquid bridge is 
decreasing linearly, while the top and bottom base diameters are decreasing until a critical 
value. Then the pinning at the top and bottom plates is observed, while the liquid bridge 
height is increased.  
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Fig. 2. Evolution of liquid bridge: a – initial position; b – just before the break; c – break and the 
formation two liquid droplets. 

 

 
 

Fig. 3. Evolutions of liquid bridge height and diameters in real time.  

 
In conclusion, the dynamics of liquid bridge rupture between two glass plates is 
experimentally investigated. High–resolution shadow technique is used for video 
registration. The pinning at the top and bottom plates is observed for certain distance 
between the plates until the liquid bridge rupture. While the height and middle diameter 
change practically linearly. The critical middle diameter to rupture is 1 mm at a moving 
speed of 40 m/s and initial liquid volume of 21 l for particular experiment on BK7 with 
contact angle hysteresis of 25o.  
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