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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. 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 trials also evaluated CCFL behavior for various lengths of the horizontal section, the inclined duct 
slope influence and the dependence of the pipe’s diameter. The infrastructure for CCFL analysis was built 14 
years ago and has not been updated since. This paper describes the updates that are being performed to the 
existing setup. Hydraulic circuit and instrumentation upgrades and the implementation of modern control 
systems will allow new data to be collected and a new range of experiments to be performed with lower 
uncertainty. It is intended that the new data be used to validate CFD models that are also being developed by the 
research group. 

 
Keywords: CCFL; LOCA; two-phase flow. 

 

1. INTRODUCTION 

 
The Counter Current Flow Limitation (CCFL) phenomenon can be explained as the control 
that the gas exerts in a liquid flowing in the opposite direction. This is a phenomenon 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 [1].  
 
Figure 1 shows the hot-leg of a PWR which is one of the regions that CCFL can occur. This 
can happen due to the steam generated in the core that attempts to exit in opposite direction as 
water is being injected. 
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Figure 1:  CCFL in a PWR Hot-leg [1]. 
 
 
CCFL in PWR reactors has been the object of studies for decades [2]. Several experimental 
correlations have been proposed, however due to the complexity of the flow and its transient 
behavior, studies are still being performed to better understand and model the phenomena [3]. 
 
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 [4]: 
 

 ��
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where 	 e �� 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 
geometries. The dimensionless Wallis number, representing the flow of fluid is given by 
eq.02. 
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Where ��,� is the superficial velocity of the fluid (L = liquid, g = gas), ��,� the respective 
densities, Lc is a characteristic length of the flow channel (Lc = diameter circular tubes) and g 
the gravitational constant. 
 
Recent studies by Issa et. al. [5] has shown that there are few experimental data and little 
agreement between studies, as can be seen in Fig. 2 reproduced from [5].  
 



INAC 2015, São Paulo, SP, Brazil. 
 

 
 

Figure 2:  Several studies show that there are still divergences on the actual behavior [5]. 
 
 
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 accidents. For this a test 
facility was built using water and air to simulate similar conditions to the ones found in PWR 
reactors.  
 
The objective of this work is to present updates being performed to the CCFL experimental 
test facility of CDTN. An enhanced instrumentation, data acquisition and control system is 
proposed. These alterations will enable experiments to be performed for a broader flow range 
and conditions with satisfactory uncertainties.      
 

2. METODOLOGY 

2.1 Original Test Facility 

 
The test facility that was used in the laboratory for experiments by Navarro [3] has not 
changed for several years since the last experiments were performed. Despite the solid and 
reliable instrumentation which produced significant experimental results for the 
understanding of CCFL phenomenon, there has been much progress in the field of 
instrumentation and control that can optimize the use of test facility and conducting new 
experiments. 
 
The original circuit, shown in Fig. 3, operates with air and water at room temperature and 
atmospheric pressure. Water is pumped from the tank to an upper chamber where 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. 
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Figure 3:  CDTN’s air-water test facility for studies in CCFL [3]. 
 

The original acquisition system consists of a conditioner board, a converter board, a computer 
program written in QBASIC running on a Pentium 166 computer.  
 
Flow rates are controlled through manual valves. Dragged and precipitated water tanks are 
drained periodically during the tests using automatic valves controlled by the data acquisition 
system. This prevents the execution of dynamic simulations of CCFL and reduces the control 
over the flow rate. 

2.2 Instrumentation and Void Fraction Measurement 

Pressure loss is measured by orifice plates and is used to determine the flow of the air 
entering and leaving the system and injected water flow. The system allows the measurement 
of fluid flow, 4 temperatures, pressure in the upper chamber, the pressure difference between 
the chambers and the void fraction at 3 points along the horizontal part of the test section, two 
near the ends and one in the central region. These void fractions are obtained by measuring 
the gamma radiation attenuation (Am241- ~ 60 keV) in the two-phase flow. Figure 4 shows 
two detectors positioned on the horizontal pipe of the test section. 
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Fig.4:  Void fraction detection system at the test section horizontal pipe. 
 

2.3 Proposed Updates 

 
An improved bench for CCFL studies is proposed by updating the existing experimental 
facility of CDTN data acquisition system, altering the hydraulic circuit, including a system for 
control and automation of flow rate regulation and installation of new instrumentation.  
 
The proposed updates are presented individually in the following section. 
 
2.3.1 Data Acquisition 
 
It is proposed that the current data acquisition system be replaced. The new system will use a 
modern NI USB-6211 [6] data acquisition board connected via USB to a PC computer with 
an i5 processer and 4 GB of RAM memory and a new data acquisition 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 as fluid 
properties, gamma count rate radiation and treatment of uncertainties associated with the 
instrumentation. 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.   



INAC 2015, São Paulo, SP, Brazil. 
 

 
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. 
 
These changes aim to minimize the uncertainty, increase repeatability and allow more varied 
experimental conditions to be evaluated. 
 
2.3.2 Altering the Hydraulic Circuit 
 
The main disadvantages of the original hydraulic system are the necessity to periodically 
drain the water tanks during the experiments and the manual control of water and air flow 
rates. To address both these issues, the following alterations will be performed:  

• Installation of a connection between the dragged and the precipitated water tanks; 
• Installation of an automated blockage valve between the dragged and the precipitated 

water tanks; 
• Installation of an automated control valve for the air flow; 
• Association of a frequency inverter to the water pump for the control the water flow; 

   With these alterations the new hydraulic circuit will have the layout shown in Fig. 5. 
 

 
 

Figure 5:  New CCFL test facility hydraulic layout. 

 
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, explained in the following 
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section, 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.  
 
This circuit allows entrained water to return to the precipitated water tank by opening the 
blockage valve. During the tests, the connecting circuit should be closed. The variation of the 
precipitated tank water level is due to the increased resistance in countercurrent flow, when 
airflow is increased in the section. Overflow of the dragged water tank is avoided by the 
opening of the blockage valve if this condition is near by the Python program. 
 
2.3.3 Control and Automation of Flow Rate Regulation 
 
In the original system the air flow control is manual. The gate valve that controls the air flow 
must be manually operated to adjust every increase of air flow in an experiment. This control 
could be automated with the installation of an automatic control valve, as proposed in the past 
section.  
 
A PID (Proportional Integral Derivative) control working together with the air flow meter can 
control the predetermined air flow rate increment and the maintaining flow stabilization time 
before rising for the next level. 
 
A program written in Python programming language is being developed to receive the signals 
transmitted by the NI board and to treat them in order to provide pre-established physical 
parameters. The new program will be able to control the gradual increase/decrease in flow 
rates and open/close blocking valves.  
 
Moreover, it is intended that the automation of the valves allows the dynamic control of the 
flow of air and water, in an attempt to reduce the oscillation of air pressure between the upper 
and lower chambers. The stabilization of the flow, especially air, allows more stable 
measurement parameters. 
 
2.3.4 New Instrumentation  
 
To expand the range of experiments and flow rates tested, new instruments will be installed.  
For measurements of low flow rates a turbine meter will be installed. It is also being 
evaluated the uses of image recognition techniques in association with a high-speed camera 
[5]. 
 
 
2.3.5 Proposed New Tests 
 
Tests conducted by Navarro [3] in 2005 extended a range of 0.2 < ��

�< 0.4. The installation of 
a frequency inverter in the water pump and a turbine flow meter will allow the expansion of 
this range of flows that will of 0 < ��

�< 0.7. The variation of the air flow in steps also adds 
possibility to control and optimize the system. The automation of the valve will allow the 
maintenance of air pressure in the upper chamber even with variation of water flow. 
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3. CONCLUSIONS 

 
The original system has been deactivated since 2001 and has been commissioned. Some 
adjustments have already been made. Part of the hydraulic circuit has been redone, the pump 
dismantled and overhauled. The gamma radiation detectors (counters) were reviewed and its 
connected circuitry repaired. One of solenoid valves presented problem and its coil was rolled 
again. The differential pressure transducers were disassembled and showed to be in excellent 
condition. New calibrations were performed and showed excellent linearity of the points. 
Transmission cables of the instruments were checked to confirm continuity. Thermocouples 
were evaluated and will still go through the calibration process.  
 
The replacement of the data acquisition system and interventions in the control and the 
hydraulic circuit will extend the test facility operating ranges enabling the collection of data 
beyond their original boundaries.  
 
It is intended that the new tests corroborate the previous results and extend the range of 
dimensionless of Wallis, enabling to obtain ample prediction equations for the phenomenon 
and that the new data can be used to validate CFD models that are also being developed by 
the research group. 
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