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ABSTRACT 

 
The nuclear reactors safety is determined according to their protection against the consequences that may result 

from postulated accidents. The Loss of Coolant Accident (LOCA) is one the most important design basis 

accidents (DBA). The failure may be due to rupture of the primary loop piping. Another accident postulated is 

due to lack of power in the pump motors in the primary circuit. In both cases the reactor shut down 

automatically due to the decrease of reactivity to maintain the fissions, and to the drop of control rods. In the 

event of an accident it is necessary to maintain the coolant flow to remove the fuel elements residual heat, which 

remains after shut down. This heat is a significant amount of the maximum thermal power generated in normal 

operation (about 7%). Recently this event has been quite prominent in the press due to the reactor accident in 

Fukushima nuclear power station. This paper presents the experimental facility under rebuilding at the Thermal 

Hydraulic Laboratory of the Nuclear Technology Development Center (CDTN) that has the objective of 

monitoring and visualization of the process of emergency cooling of a nuclear fuel rod simulator, heated by 

Joule effect. The system will help the comprehension of the heat transfer process during reflooding after a loss 

of coolant accident in the fuel of light water reactor core. 
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1. INTRODUCTION 

 

The safety of nuclear reactors is determined by reference to their protection against the 

consequences that may result from postulated accidents. One of the most important accident 

is the loss of coolant in the core (Loss of Coolant Accident - LOCA), [1]. The failure can 

happen due to pipe rupture of the primary circuit. Another accident is expected due to the 

lack of electricity in the pump motors of the primary circuit. In both cases the reactor is shut 

down automatically by reduced reactivity to keep fissions and the fall of the control rods. 

Upon the occurrence of an accident is necessary to recover the core cooling conditions for 

removal of waste heat from the fuel elements, which remains after shutdown. This heat due to 

radioactive decay of fission products and actinides, corresponds to a significant amount of 

thermal energy generated in maximum operation (about 7%), [2]. This type of event has 

received extensive press coverage in recent months due to the accident in the reactors of the 

Fukushima plant in Japan 
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This paper describe the experimental device in the recovery phase and modernization in 

CDTN, monitoring and visualization of process emergency cooling of a nuclear fuel rod 

element. To avoid working with radioactive materials, the nuclear fuel rod has been replaced 

by a simulator built with the same physical characteristics of the fuel rod but which heating is 

performed by Joule effect, with the feed rod through a rectifier plates, [3]. The system will 

visualize and understand the process of cooling the wall of a fuel element during the 

occurrence of a failure in the cooling system of the core of a light water cooled reactor. 

Numerical modeling of the thermal behavior of the test section will be performed using the 

programs of modern computational fluid dynamics (CFD). 

 

2. Thermal Hydraulic Laboratory of the Nuclear Technology Development Center 

 

The circuit for viewing emergency cooling of nuclear fuel rod is being mounted in the 

Laboratory of Thermal Hydraulic at Service of Reactor Technology (SETRE) of CDTN. This 

lab has several hydraulic circuits for simulation of light water-cooled reactors, power supply 

sources (electric thyristor rectifiers) with adjustable power up to 1000 kW, a boiler and a 

steam supply system for demineralised water. Besides the thermal hydraulic circuits, the 

laboratory has a good infrastructure support such as mechanical and electronic workshop, 

warehouse, room calibration of measurement instruments (pressure, temperature, flow), 

systems and licenses for use of software for data acquisition, [4],[5].  

 

The thermal hydraulic laboratory has academic license for use of the code Ansys CFX 14.0 in 

thermal hydraulic calculations, with up to 49 parallel processing cores, [6]. The open source 

OpenFOAM
®
 is also available [7]. The computer system is networked and can operate 

together (cluster). The specifications summarized, computers are as follows: 

 

• 4 computers with quad- core processor and 16 GB of RAM; 

• 4 computer with two quad-core processors with 24 GB of RAM; 

• 2 computers with two quad-core processors with 48 Gb of RAM. 
 

It is also available the SolidWorks (2011), [8] program for three-dimensional geometry. 

Generating. In Figure (1) has an overview of the Laboratory for Thermal-Hydraulics, being 

able to see some of their testing facilities. 

 

 

 

Figure 1. Laboratory for Thermal-Hydraulics Technology at CDTN 
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2.1. Installation Testing of Reflooding 

 

In the late '70s was built at the Laboratory for Thermal Hydraulics Installation Testing 

reflooding. The assembly aims at the investigation of thermal hydraulic phenomena involved 

during reflooding that occurs after the loss of coolant accident (Loss of Coolant Accident - 

LOCA) in light water reactors. This circuit can be used test sections tubular or annular, i.e. 

one can be simulated fuel rod or cooling channel of the reactor core. Generally, the purpose 

of this and other integrated circuits is improved and the validation codes used in the 

calculation of nuclear reactor safety 

 

2.2. Device of Visualization of the Refrigeration of Emergence 

 

 

Is currently in the process of re-assembling a plant similar to reflooding testing facility, but 

with didactic purpose, for the purpose of illustrating the reflooding of a nuclear fuel element, 

after the total loss of refrigerant. The test section of this circuit consists of a simulator of fuel 

element of light water reactors, whose heating is accomplished indirectly by electric current. 

 

The experimental setup is intended to illustrate and simulate the loss of coolant accident with 

two possibilities. The accident total loss of refrigerant, where all the water was drained from 

the reactor core, the coating being dry fuel rods, and then water was injected into the 

reflooding of the fuel elements. The other situation is the loss of coolant flow, occurs when 

lack of power supply of the primary pumps. In both cases it is necessary to remove the 

residual heat of the fuel. In this work, the cooling will be performed passively, ie, by gravity, 

as occurs in modern reactors of Generation III +. In the simulations the refrigerant cycle 

through the annular region between the fuel element and the glass (channel) in the upward 

direction. Figure (2) shows the current stage of the installation. Is developing the system of 

data acquisition system and power supply to power the rod simulator. 

 

 
 

Figure 2.  Current stage of the device to display the emergency cooling 
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3. METHODOLOGY 

 

In assays to be performed will be cooled passively, i.e. by gravity. The refrigerant cycle 

through the annular region between the fuel element and glass (channel) in the upward 

direction. The thermocouples are located on the inner wall of the casing and the tank water 

supply, will monitor the temperatures. The signals are sent to a data acquisition system 

(DAS). The video monitor DAS will be positioned next to the circuit mode that can display 

both the actual path of the water in the coating of the rod and the behavior of temperatures on 

the computer screen. 

 

Besides being an educational device which will illustrate the emergency cooling of a fuel 

element, the system allows the variation and control of process variables such as water 

temperature, injection flow rate and mainly the heat flow and temperature wall simulator fuel 

rods. Above the test section was mounted steam separator device for collecting and 

measuring water entrained by steam. Data will be collected and analyzed, so that they can 

raise correlations between variables contributing to the improvement of models thermal 

hydraulic analysis of accidents. 

 

Figure (3) shows the simplified diagram of the circuit, highlighting its test section. Figure (4) 

has the diagram of simulator fuel rods. Heating is done by an internal resistor (tube), the 

power supply is conducted by two copper pipes positioned in the bottom side. 

 

               
 

Figure 3. Circuit diagram for emergency cooling experiments in nuclear fuel rods 
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Figure 4. Nuclear fuel rod simulator 

 

 

3.1. Calibration of Instruments, Uncertainty Analysis and Simulation Verification and 

Validation 

 

The primary instrument calibration measurements will be performed by comparing the entire 

measuring chain (sensor, cables and acquisition system) with reference standards. Will 

determine the standard deviation of the averages of the readings (Sx), the correction 

equations, the coefficients of determination (R2) and the standard errors of the fitted curves 

(Uy, x). The expressions found in the regression will be added in the program of data 

acquisition and the uncertainties of the primary parameters are used in the calculation of their 

spread in the experimental results. The method adopted for calculating the propagation of 

uncertainty is based on the proposal of Kline and McClintock, [9]. 

 

The data collected will be used to experimentally evaluate the numerical model. Procedures 

will apply verification and validation of simulations using computational fluid dynamics 

(Computational Fluid Dynamics - CFD) as ASME (2009), [10]. Uncertainties due to 

numerical discretization, boundary conditions and numerical convergence will be raised and 

carefully evaluated. 

 

4. RESULTS 

 

Figure (5) illustrates a typical result of a test conducted in the test facility of reflooding. In the 

graph shows the evolution of the temperature as the refrigerant traverses the simulated fuel 

rod. The theoretical results shown in the figure was calculated by using the code Hydroflut 

[11]. 

 

Yet experiments were performed on the Device View of Emergency Refrigeration, because 

the mounting device is still in progress, but the results of the experiments will be similar to 

the example shown in Fig (5), with theoretical results found using CFD. Among other factors 

will be assessed the ability of thermal hydraulics codes to predict the thermal behavior during 

the reflooding of a nuclear fuel rod. 
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Figure 5. Temperature evolution in a typical test     

 

 

5. CONCLUSION 

 

This article describes the research project in progress at the Laboratory for Thermal 

Hydraulics of CDTN, which aims to monitoring and visualization of process emergency 

cooling of a rod simulated nuclear fuel element. The primary purpose of the assembly is 

didactic, with the purpose of illustrating the rewetting of a nuclear fuel rod, after the loss of 

coolant. Two possibilities can be simulated accident: the accident total loss of coolant, where 

all the water was drained from the reactor core, staying dry coating the fuel rods, and loss of 

coolant flow, occurs when lack of power supply pumps the primary. In both cases it is 

necessary to remove the residual heat of the fuel. 
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