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ABSTRACT 

The Counter Current Flow Limitation (CCFL) phenomenon, specifically the control that the 

gas exerts in a liquid flow in the opposite direction, is of real importance in the study of 

design and operation of various industrial sectors, particularly the nuclear industry. In nuclear 

engineering, such a phenomenon can occur in a loss of coolant accident (LOCA) of a 

Pressurized Water Reactor (PWR) when there is the need to re-flood the reactor core during 

an emergency cooling process. The CCFL phenomenon is being investigated at the Nuclear 

Technology Development Center (CDTN) thermo-hydraulics laboratory in order to better 

understand the flow and its limitations and thereby contribute to the improvement of its 

modeling for analysis of severe accidents. For this, a series of experiments were performed in 

CDTN in a reduced scale acrylic test section of the "hot leg" of a PWR. The new proposed 

circuit is a closed loop and no water has to be discharged during the experiment. This is only 

possible due to the Python program, which is associated to the data acquisition system and 

can interface with the automated valves through the outputs of the data acquisition board to 

control the experiment. The trials compare the CCFL behavior for 500mm lengths of the 

on, for inclined duct slope 50° for a diameter de 54mm  pipe’s diameter. This 

paper describes the new tests in comparison to tests performed in the past. 

1. INTRODUCTION 

The Counter Current Flow Limitation (CCFL) phenomenon can be explained as 

that the gas exerts in a liquid flowing in the opposite direction. This is a phenomenon of 

importance in the study of design and operation of various industrial sectors, 

The CCFL phenomenon is being investigated at the Nuclear Technology 

Development Center (CDTN) thermo-hydraulics laboratory in order to better understand the 

flow and thereby contribute to the improvement of its modeling for analysis of severe 

test facility was built using water and air to simulate similar conditions 

to the ones found in PWR reactors.  

are flowing in oposite direction the flow is a countercurrent flow.A 

stratifield counter current flow of gás and liquid is only stable for a certain 

flow rates. If the gás flow rate increase up to the certain value the liquid flow is stoped. The 
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fenomenon is know as Counter Current Flow Limitation (CCFL), [2]. Particularly, the 

phenomenon can occur in the piping that connects the reaction vessel of the nuclear reactor to 

the steam generator in a large LOCA. The large LOCA is considered to be an enveloping 

accident removing water from the primary system at the largest rate. The consequence of a 

large LOCA is the uncovery of the reactor core in a very short time (~30 seconds) requiring 

in turn supply of water to the reactor at a commensurate rapid rate to fill the vessel and 

submerge the core in water [3]. The vapor generated by  water supply in contact to the hot 

elements of to the nucleo can be cause a blocage to the coolant water causing a damage to 

nucleo ou your melting. 

 

This section, known as a hot leg, consists of a horizontal section, LH, connected to an inclined 

tube, LI  by a bend Fig. 1. 

 

The objective of this work is to present updates being performed to the CCFL experimental 

test facility of CDTN. Is presented the enhanced instrumentation, data acquisition and control 

system . These alterations being enable experiments to be performed for a broader flow range 

and conditions with satisfactory repetibility. 

 

 

2.3 The Wallis Model  

 

 

The Wallis model is the reference for CCFL. The model correlates experimental data of the 

superficial velocities of the liquid and gas, �� and ��  respectively, as shown in eq.1 [5]: 

 

 ��
∗�/� + 	 ��

∗�/� = � (1) 

where 	 and �� are arbitrary constants adjusted for each experiment, they assume the value 

ranges: 0.6 < 	 <1.2 and 0.3 < �� <1. This model has been widely used by researchers to 

correlate experimental results obtained with different procedures and different channel 

 
 

Figura 1:  Hot-leg in nuclear reactor.[4]. 
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geometries. The dimensionless Wallis number, representing the flow of fluid is given by 

eq.02. 

 

 �∗
�,� =

��,���,�
�/�

������� − ����
�/� (2) 

 

Where ��,� is the superficial velocity of the fluid (L = liquid, g = gas), our ��  is the volumétric 

flux and �� is the total área to the cross section.��,� the respective densities, Lc is a 

characteristic length of the flow channel (Lc = diameter circular tubes) and g the gravitational 

constant. 

 

This equations will be used for calculation the CCFL in the next sections. 

 

 

2. METODOLOGY 

 

 

The test facility, shown in Fig. 2, operates with air and water at room temperature and 

atmospheric pressure. Water is pumped from the preciptated water tank (PWT) to an upper 

chamber and it precipitates to the bottom chamber. The tests are typically conducted at 

constant water flow rate with gradual increase of air flow in the opposite direction to the 

water flow. After determining the air flow that causes the total blockage of water flow in the 

test section, the air flow is gradually reduced until it is reestablished to the initial water flow 

value. Tests aim to assess the system's behavior for various flow rates and test section 

geometries. 

 

 
Figura 2:  CDTN's air-water test facility for estudies in CCFL. 
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The Fig. 3 shows the test section in acrylic representing the hot leg of reactor.. 

The tests being realized in scale 1:15, with the dimensions presents in the Tab. 1. 

 

In these tests, the countercurrent flow was established through the water injection by the 

upper end of the inclined pipe and the air addition at the end opposite to the entry of liquid 

flow. With the gradual increase of the air flow for predetermined water levels, the onset of the 

limitation of flow to the full blockage was determined. After full blockage, a gradual 

reduction of air flow was performed to evaluate the deflooding of the hot leg. 

 

The tests were performed under controlled conditions and data of temperature and absolute 

pressure were collected to determine the properties of the fluids. Differential pressure 

measurements were used to determine the level variation of the tanks of entrained and 

precipitated water during the start phase of blockage and total blockage, in addition to the 

pressure difference between the upper and lower chambers. 

 

Data were recorded at average intervals of approximately 1s to determine the interaction 

between air and water flows. It was evaluated mainly the air and water flows, the level 

variation of the water tank and the time interval between data collection. The averages of ten 

points for each parameter were calculated to minimize acquisition fluctuations and 

uncertainties. 

 

 
 

Figura 3:  Hot-leg in test section. 
 

Table 1:  Hot Leg Dimensions 

 

 LH[m] Geometry D[mm] Riser LH/D LI/D 

LI(m) θ 

Full scale 7.1 Circular 750 1.4 50º 9.47 1.87 

Test section 0.5 Circular 54 0.1 50º 9.26 1.85 
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2.2 Data Acquisition 

 

 

The current data acquisition system be use a NI USB-6210 [6] data acquisition board 

connected via USB to a PC computer, a microcontroler Arduino, model 2560 and control 

software developed in Python language.  

 

The developed Python program uses the functions obtained from the instruments calibration 

processes and calculates the main evaluation parameters of the experiment, such temperatures 

an absolute pressure for determination of fluid properties and  measurements of air and water 

flow rates. It uses the data to dynamically regulate the flow rates of the experiment according 

to user inputs. The means for the control are explained in the following section.   

 

The main advantages of the new system over the original are: the ability to control the flow 

rates, dynamically adjust the experimental definitions, greater data acquisition rate, on-line 

evaluation of various simultaneous variables and a user friendly interface, Fig. 4. 

 

From the initial input parameters like to initial flux to water and steps of air, the system acts 

to reach the initial condition, receives the instrument data, converts it into engineering units 

using the calibration functions and acts to obtain the next point of the experimental matrix. 

The flow control is carried out by means of the variation of the rotation of the water pump 

controlled by frequency inverter and PID controller (Proportional, Integral, Derivative). The 

maintenance of the airflow at constant levels is obtained by the action of proportional valve, 

model HORA (BR240E). The valve has 0.05mm (0.04 volts) resolution for steps, providing a 

great variable to air flux. The addition and decrease of the air flow before and after the water 

blocage is done by analog voltage signal. The voltage signal sent to the valve is managed by 

microcontroller Arduino model 2560 through PWM digital signals in conjunction with 

electronic circuit with 0-10 Volts range. 

 

 
Figura 4:  Interface program air-water test facility for estudies in CCFL. 
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Another measure inovative in the facility is the magnectical water flow meter. The 

instrument, model WVMS012, by Warme industries instrumentation and automation, has 

certifield calibrate for the range to tests and work togheter with the inversor to control the 

flow water independent the variation levels preciptated water tank, Fig. 5 

 

 

 

 
 

 

Figure 5:  Proportional valve, magnectical flow meter of water and frequency inversor. 
 

These changes increase repeatability and allow more varied experimental conditions to be 

evaluated. 

 

 

3  EXPERIMENTAL AQUISITIONS DATA  

 

 

The airflow curves and and variation of precipitated water tank level were used to determine 

the start and end of each test, indicated for the points 1 e 2 in the Fig. 6. The test represents 

the comportment for flow water of 0,07 kg/sec. 

 

The water flow rate is constant in test controled by PID associated to frequency inversor. The 

air inlet is controled automatically and increase in steps (���
∗�. = 0.15) a constant time 

periods of 25s and decreaseat constant time periods10 s. 
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The time at decrease is diferent bacause the PWT has a storage limit water, and is necessary 

the return more fast before finish supply water. In the next tests, for larger flow rate water, 

will be used a larger diameter tank.

 

 

The next curves demonstrate the repetitivit

same flow water and reproduces the datas of 

kg/sec, shown in Fig. 7. 

 

Figure 7:  Repeatability obtained by the automation of the installation..

Figure 6:  Key points in 

The time at decrease is diferent bacause the PWT has a storage limit water, and is necessary 

the return more fast before finish supply water. In the next tests, for larger flow rate water, 

er tank. 

The next curves demonstrate the repetitivit of parameters betwin the tests re

reproduces the datas of three sequences for water mass flow 

Repeatability obtained by the automation of the installation..

 

Key points in curves for the study of the CCFL phenomenon.

The time at decrease is diferent bacause the PWT has a storage limit water, and is necessary 

the return more fast before finish supply water. In the next tests, for larger flow rate water, 

betwin the tests realized for the 

or water mass flow rates of 0,2 

 
Repeatability obtained by the automation of the installation.. 

 

curves for the study of the CCFL phenomenon.. 
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The tests were captured in camera movie and the frames corresponding to the blocking 

moment were removed. Qualitatively it is possible to compare the flow profile and verify its 

similarity, Fig. 8.  

 

 
 

Figure 8:  Moment of the blockade captured by camera camcorder. 
 

After the uncertainty analysis, the fenomenon can be evaluated in terms of the superficial 

velocity of air and water, the jg x jl. Fig. 9 and 10. 

 

 
Figure 9:  Curves of three tests obtained for water flow of 0.2kg / s. 
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Figure 10:  Uncertainties combined for the three tests shown in Figure 9. 

 

 

3. CONCLUSIONS  

 

The proposed system for improved control of the facility proved to be stable, reliable and 

robust. 

 

The repeatability of the tests will allow to evaluate the uncertainty of the data and calculate 

its deviations. 

 

Changes in the methodology of test steps should be implemented to obtain data to study the 

CCFL phenomenon. 

 

A tank with higher volumetric water capacity will be used in higher flow tests. 
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