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Abstract. The crisis in a FC-72 liquid film moving under the action of a 
gas flow through a smooth heater was experimentally investigated. It is 
shown that with gas and liquid flow rates increases a critical heat flux is 
growth. 

1 Introduction 
The rapid development of semiconductor technologies, including the reduction in the size 
of the transistor, that is, increasing their density, leads to higher heat fluxes and dissipated 
power from the chip surface. The forecast for high-performance chips suggests that the 
maximum power dissipation will exceed 500 watts [1, 2]. Moreover, in recent years, the 
performance requirements have increased, which leads to greater heat flux from the chip 
and the occurrence of "hot spots", the heat flux in which often exceeds 1 kW / cm2, which is 
danger for microprocessor. The two-phase flow is a promising solution of this problem [3-
5]. 

The authors' studies in [6-9] were focused on underheated thin fluid films flowing down 
through a locally heated plate. Forced flow of dielectric liquids, with intense evaporation in 
the minichannel, is a promising solution for cooling modern semiconductor devices for 
terrestrial and space applications [10]. Fluid FC-72 is designed to cool the electronics and is 
volatile with low surface tension [11]. The destruction of liquid films on a heated wall is of 
great technical importance, since this determines the allowable heat flux in a number of 
engineering applications. A comparison between the flowing fluid film and the liquid film 
moving under the action of the gas flow is shown in [12,13]. Surface temperature, heat flux 
for formation of the first dry spot and critical heat flux are shown and analysed in the paper 
[12]. The critical heat flux is measured and shown, the liquid film moving under the action 
of the gas flow is up to five times more efficient than the flowing fluid film. It was found in 
the number of papers that the thermocapillary foresees play a crucial role in shear driven 
cooling systems of microelectronic devices [14 - 16]. 

 

2 Experimental setup  

                                                 
* Corresponding author: slava.cheverda@gmail.com 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 159, 00008 (2017) DOI: 10.1051/epjconf/201715900008
AVTFG2016



The experiments were carried out using the experimental setup shown in (Fig.1). The setup 
includes: a system for supplying working fluids, a measuring system (sensors) and an 
optical (speed schlieren-system) system, a working fluid supply system, a data collection 
system and a remote-control system. The two temperature stabilization systems are based 
on the use of thermoelectric modules (Peltier elements) and are used to stabilize the 
temperature of the liquid and gas at the entrance to the work area. All thermal modules are 
cooled by a water circuit. The temperatures of liquid and gas at the inlet to the test cell are 
maintained between 10 and 30 ° C. Dielectric fluid FC-72 and dry nitrogen gas are used as 
working fluids. The operating pressure and gas flow rate are automatically controlled by the 
Bronkhost flow and pressure regulators. Degassed liquid is fed into the working area with a 
syringe pump from a flexible liquid container. From the working area, a mixture of steam, 
gas and liquid is pumped into the atmosphere. All parameters are remotely controlled using 
a control and data acquisition system developed on the LabView platform. 
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Fig. 1. Scheme of the experimental setup. 

The experimental test cell (see Fig. 2) consists of: 1) a textolite plate, 2) stainless steel 
substrates with a copper pressed rod, 4) a liquid nozzle, 5) a textolite frame, and 6) a 
textolite cover with an optical window. The flow of the film is realized in the minichannel, 
using a liquid nozzle. The main element of the working area is a stainless-steel plate with a 
10x10mm copper rod. Several calibrated K-type thermocouples are used to measure 
temperature. A stainless-steel plate is attached to a textolite plate together with a textolite 
frame. The frame with the plate is covered with a transparent window, forming a 
rectangular minichannel 67 x 30 x 1.4 mm (length, width and depth, respectively). Liquid 
film is formed with the help of a liquid nozzle and is carried along the channel by a gas 
stream. The temperatures of the substrate, as well as gas and liquid at the inlet and outlet of 
the working section, are measured with accuracy 0.4 ° C. The power of the heater is 
regulated and controlled by a power source. 

2

EPJ Web of Conferences 159, 00008 (2017) DOI: 10.1051/epjconf/201715900008
AVTFG2016



The experiments were carried out using the experimental setup shown in (Fig.1). The setup 
includes: a system for supplying working fluids, a measuring system (sensors) and an 
optical (speed schlieren-system) system, a working fluid supply system, a data collection 
system and a remote-control system. The two temperature stabilization systems are based 
on the use of thermoelectric modules (Peltier elements) and are used to stabilize the 
temperature of the liquid and gas at the entrance to the work area. All thermal modules are 
cooled by a water circuit. The temperatures of liquid and gas at the inlet to the test cell are 
maintained between 10 and 30 ° C. Dielectric fluid FC-72 and dry nitrogen gas are used as 
working fluids. The operating pressure and gas flow rate are automatically controlled by the 
Bronkhost flow and pressure regulators. Degassed liquid is fed into the working area with a 
syringe pump from a flexible liquid container. From the working area, a mixture of steam, 
gas and liquid is pumped into the atmosphere. All parameters are remotely controlled using 
a control and data acquisition system developed on the LabView platform. 
 

Schlieren 
system

t°

            N2 (200 bar)

FC-72

Water pump

Test cell

Radiator

t°

Cooling water

G
as

Thermoelectric heat 
exchanger for gas

Thermoelectric heat 
exchanger for liquid

Gas flow controller

PC-1 PC-2

Syringe pump

Membrane pump

To atmosphere

Separator

 
Fig. 1. Scheme of the experimental setup. 

The experimental test cell (see Fig. 2) consists of: 1) a textolite plate, 2) stainless steel 
substrates with a copper pressed rod, 4) a liquid nozzle, 5) a textolite frame, and 6) a 
textolite cover with an optical window. The flow of the film is realized in the minichannel, 
using a liquid nozzle. The main element of the working area is a stainless-steel plate with a 
10x10mm copper rod. Several calibrated K-type thermocouples are used to measure 
temperature. A stainless-steel plate is attached to a textolite plate together with a textolite 
frame. The frame with the plate is covered with a transparent window, forming a 
rectangular minichannel 67 x 30 x 1.4 mm (length, width and depth, respectively). Liquid 
film is formed with the help of a liquid nozzle and is carried along the channel by a gas 
stream. The temperatures of the substrate, as well as gas and liquid at the inlet and outlet of 
the working section, are measured with accuracy 0.4 ° C. The power of the heater is 
regulated and controlled by a power source. 

The optical system makes it possible to visualize with great frequency and to measure the 
deformation angles of the gas-liquid interface. This system allows us to visualize at a 
frequency of up to 500 Hz for a full resolution of 1280x1024 pixels and up to 60 kHz for a 
reduced resolution of 1280 x 4 pixels. 

 

 
 

                                  a) Scheme of the test cell                                     b) Photo of the test cell 
Fig. 2. Scheme (a) and photo (b) of the test cell, 1 – gas inlet, 2 – liquid inlet, 3 – copper rod,  
4 – two-phase outlet, 5 – optical window.  

3 Experimental results  

The development of crisis phenomena during the flow of a FC-72 film liquid under the 
action of a nitrogen gas flow is studding in details. When the heater is turned on all 
temperatures increase and deformations at the gas-liquid interface increase. With a further 
increase in the heat flux, formation of the first, unstable dry spots can be observed.  

A dry spot forms near the right lower edge of the heating element due to the high 
temperature gradient at the gas-liquid interface. However, the heat flux is not high enough, 
and this first dry spot is moving from heater area. With increasing heat flux, the first stable 
dry spot appears. With a further increase in heat flux, the heater is practically not wetted by 
the liquid and the temperature of the heater slightly increases. At some point, the liquid 
begins to move around the heater and does not wet at all. All the temperatures of the heater 
and the substrate begin to increase with a relatively large gradient. In this case critical heat 
flux (QCHF) is measured. The results of measurements of the critical heat fluxes in a FC-72 
liquid film moving under the action of a nitrogen gas flow are shown in Fig. 3. It can be 
seen that the critical heat flux increases with increasing gas and liquid Reynolds numbers 
(Re_G, L).  
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Fig. 3. The critical heat flux for shear driven FC-72 liquid film moving in a minichannel with smooth 
heater for different liquid and gas Reynolds numbers.  

Conclusion 
The work shows an increase of the critical heat flux for the FC-72 liquid film flow in a 
minichannel by a gas flow when using smooth heater when gas and liquid Reynolds 
number are increases. It is supposed that the dray patch formation and the crisis 
phenomenon are happening because of the strong thermocapillary effect.  Thermocapillary 
foresees move liquid from the heater. The crisis phenomenon take place at temperatures of 
the gas-liquid interphase much smaller than the saturation temperature.  
 

This study was performed in the framework of the Russian Ministry of Education 
(RFMEFI60414X0053). 
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