
Democratic and Popular Republic of Algeria 
Ministry of Higher Education and Scientific Research 

University of BECHAR 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.univ-bechar.dz/jrs/ 

Printed from 

 

Thermal-Hydraulic Analysis of a Nuclear Research Reactor Core 

Channel 
 

O. Labani
1
, K. Sidi-Ali

2
, B. Saim

3
, Kh. Oukil

2 

1
Department of Mechanics, Engineer Science Faculty, University of Saad Dahleb, Route de Soumaa, 

 BP 270 , 09000 Blida, Algeria. 
2
Atomic Energy Commission, Nuclear Research Center of Draria, Nuclear Safety and Radiation  

Protection Division, PO Box 43, Sebala, Draria 16050, Algiers, Algeria. 
3
Atomic Energy Commission, Nuclear Research Center of Draria, Reactor Division,  

PO Box 43, Sebala, Draria 16050, Algiers, Algeria. 

 
  
 
 

 
Published on 20 July 2014  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Reviewers board of the Journal. 

Pr. KADRY SEIFEDINE  (The American University in KUWAIT) 
Pr. RAZZAQ GHUMMAN Abdul ( Al Qassim University KSA) 
Pr. PK. MD. MOTIUR RAHMAN (University of Dhaka Bangladesh) 
Pr. MAHMOOD GHAZAW Yousry ( Al Qassim University KSA) 
Pr. RAOUS Michel (Laboratory of Mechanic and Acoustic France) 
Pr. RATAN Y. Borse ( M S G College Malegaon Camp India) 
Pr. LEBON Frédéric (University of Aix-Marseille 1 France) 
Pr. MONGI Ben Ouézdou (National Engineering School of Tunis) 
Pr. BOUKELIF Aoued (University of Sidi Bel Abbes Algeria) 
Pr. DJORDJEVICH Alexandar (University of Hong Kong) 
Pr. BENABBASSI Abdelhakem (University of Bechar Algeria) 
Pr. BOULARD Thierry (National Institute of Agronomic Research 
France) 
Pr. LUCA Varani (University of  Montpellier France) 
Pr. NEBBOU Mohamed (University of Bechar Algeria) 
Pr. LABBACI Boudjemaa (University of Bechar Algeria) 
Pr. DJERMANE Mohammed (University of Bechar Algeria) 
Pr. BASSOU Abdesselam (University of Bechar Algeria) 
Pr. ABOU-BEKR Nabil (Universit of Tlemcen Algeria) 
Pr. TAMALI Mohamed (University of Bechar Algeria) 
Pr. ABDELAZIZ Yazid (University of Bechar Algeria) 
Pr. BERGA Abdelmadjid (University of Bechar Algeria)  
Pr. Rachid KHALFAOUI (University of Bechar Algeria)  
Dr. FELLAH Zine El Abiddine Laboratory of Mechanic and Acoustic 
France) 
Dr. ZHEN Gao (University of Ontario Institute of Technology Canada) 
Dr. OUERDACHI Lahbassi (University of  Annaba Algeria) 
Dr. HADJ ABDELKADER Hicham (IBISC – University of Evry France) 
Dr. KARRAY M'HAMED ALI (National Engineering School of Tunis) 
Dr. ALLAL Mohammed Amine (University of Tlemcen Algeria) 
Dr. FOUCHAL Fazia (GEMH - University of Limoges France) 
Dr. TORRES Jeremi (University of Montpellier 2 France) 
Dr. CHANDRAKANT Govindrao Dighavka (L. V. H. College of 
Panchavati India) 
Dr. ABID Chérifa (Polytech’ University of Aix-Marseille France) 
Dr. HAMMADI Fodil (University of Bechar Algeria) 
Dr. BENSAFI Abd-El-Hamid (University of Tlemcem) 
Dr. BENBACHIR Maamar (University of Bechar Algeria) 
Dr. BOUNOUA Abdennacer (University of Sidi bel abbes Algeria) 
Dr. FAZALUL RAHIMAN Mohd Hafiz (University of Malaysia) 
Dr. TIWARI Shashank     Amity University Lucknow (India) 

Pr. BALBINOT Alexandre (Federal University of Rio Grande do Sul Brazil) 
Pr. TEHIRICHI Mohamed (University of Bechar Algeria) 
Pr. JAIN GOTAN (Materials Research Lab., A.C.S. College, Nandgaon India) 
Pr. SAIDANE Abdelkader (ENSET Oran Algeria) 
Pr. DI GIAMBERARDINO Paolo (University of Rome « La Sapienza » Italy) 
Pr. SENGOUGA Nouredine (University of Biskra Algeria) 
Pr. CHERITI Abdelkarim (University of Bechar Algeria) 
Pr. MEDALE Marc (University of Aix-Marseille France) 
Pr. HELMAOUI Abderrachid (University of Bechar Algeria) 
Pr. HAMOUINE Abdelmadjid (University of Bechar Algeria) 
Pr. DRAOUI Belkacem (University of Bechar Algeria) 
Pr. BELGHACHI Abderrahmane (University of Bechar Algeria) 
Pr. SHAILENDHRA Karthikeyan (AMRITA School of Engineering India) 
Pr. BURAK Barutcu (University of Istanbul  Turkey) 
Pr. LAOUFI Abdallah (University of Bechar Algeria) 
Pr. Ahmed Farouk ELSAFTY (American University of the Middle East Kuwait) 
Pr. Sohrab MIRSAEIDI (Centre of Electrical Energy Systems Malaysia) 
Pr. SELLAM Mebrouk (University of Bechar Algeria) 
Pr. BELBOUKHARI Nasser (University of Bechar Algeria) 
Pr. BENACHAIBA Chellali (University of Bechar Algeria) 
Dr. ABDUL RAHIM Ruzairi (University Technology of Malaysia) 
Dr. CHIKR EL MEZOUAR Zouaoui (University of Bechar Algeria)  
Dr. KAMECHE Mohamed (Centre des Techniques Spatiales,  Oran Algeria) 
Dr. MERAD Lotfi (Ecole Préparatoire en Sciences et Techniques Tlemcen 
Algeria) 
Dr. SANJAY KHER Sanjay (Raja Ramanna Centre for Advanced Technology  
INDIA) 
Dr. BOUCHAHM Nora (Centre de Recherche Scientifique et Technique sur 
les Régions Arides Biskra) 
Dr. Fateh Mebarek-OUDINA (University of Skikda Algeria) 
 

 

Director of Journal 
Pr. BELGHACHI Abderrahmane 

 
 

Editor in Chief 
Dr. HASNI Abdelhafid 

 
 

Co-Editor in Chief 
Pr. BASSOU Abdesselam 

 
 

Editorial Member 

TERFAYA Nazihe 
BOUIDA Ahmed 

LATFAOUI Mohieddine 
MOSTADI Siham 

 

 

The Editor, on behalf of the Editorial Board and Reviewers, has great pleasure in 
presenting this number of the Journal of Scientific Research. This journal (ISSN 2170-
1237) is a periodic and multidisciplinary journal, published by the University of  
Bechar. This journal is located at the interface of research journals, and the 
vulgarization journals in the field of scientific research. It publishes quality articles in 
the domain of basic and applied sciences, technologies and humanities sciences, 
where the main objective is to coordinate and disseminate scientific and technical 
information relating to various disciplines. 

 
The research articles and the development must be original and contribute 

innovative, helping in the development of new and advanced technologies, like the 
studies that have concrete ideas which are of primary interest in mastering a 
contemporary scientific concepts. Actually, the JRS is indexed in Google Scholar, 
Universal Impact Factor, Research Bible, DRJI, Scientific Indexing Services, Global 
Impact Factor (with GIF=0,632 in 2012) and Index-Copernicus (with 2012 ICV : 4.87 
points). The journal is obtainable in electronic form, which is available worldwide on 
the Internet and can be accessed at the journal URL:  

 

http://www.univ-bechar.dz/jrs/. 

Journal of Scientific Research 
University of Bechar 

P.O.Box 417 route de Kenadsa  
08000 Bechar - ALGERIA 
Tel: +213 (0) 49 81 90 24 
Fax: +213 (0) 49 81 52 44 

Editorial mail: jrs.bechar@gmail.com 
Submission mail: submission.bechar@gmail.com 

Web: http://www.univ-bechar.dz/jrs/ 

mailto:jrs.bechar@gmail.com
mailto:submission.bechar@gmail.com
http://www.univ-bechar.dz/jrs/


Journal of Science Research N 7, p. 34-42 

 

Copyright © 2010-2014 Journal of Science Research - All rights reserved. 34 

 

Thermal-Hydraulic Analysis of a Nuclear Research  

Reactor Core Channel 
 

O. Labani1, K. Sidi-Ali2, B. Saim3, Kh. Oukil2 

1Department of Mechanics, Engineer Science Faculty, University of Saad Dahleb, Route de Soumaa, 
 BP 270 , 09000 Blida, Algeria. 

2Atomic Energy Commission, Nuclear Research Center of Draria, Nuclear Safety and Radiation  
Protection Division, PO Box 43, Sebala, Draria 16050, Algiers, Algeria. 

3Atomic Energy Commission, Nuclear Research Center of Draria, Reactor Division,  
PO Box 43, Sebala, Draria 16050, Algiers, Algeria. 

 

 
Abstract – The thermal-hydraulic nuclear reactor core channel analysis is done thanks to the 

conservation equations of mass, momentum and energy, for an incompressible fluid. The set of 

equation is solved numerically using the finite volume method. This approach is applied for a 02 

MW and for a 10 MW nuclear research reactor. The temperature profiles of the coolant and the 

clad along the channel are plotted. For the case of 02 MW and for an upward flow, the obtained 

results were compared to those given by Boudali and Salhi and to those given by the code 

TERMIC. For the case of 10 MW and a downward flow, the obtained results were compared to the 

results given by Lu et al. and also to those given by the code TERMIC. The obtained results are 

very close to those obtained by the cited authors and the calculated relative differences are minor. 

The results obtained thanks to this method, are more conservative than the results given by the 

presented comparative studies. 

 
Keywords: Thermal-hydraulic, Nuclear Reactor Core, Nuclear Channel, Clad, Coolant 

 

 

I. Introduction 
 

The thermal hydraulic analysis of a nuclear research 

reactor channel allows the prediction of the behavior of a 

set of physical quantities. These physical quantities are 

directly linked to the optimal margins required by 

nuclear safety in research nuclear reactors or nuclear 

power plants. Most of the established mathematical 

models, allow the thermal hydraulic study of a nuclear 

research reactor channel, in normal or accidental 

situation. One can cite several recent works established 

in this area, among them the work done by Housiadas 

(2000) [1] who used the code PARET to treat flow 

instabilities during loss of coolant transient in an MTR 

(Material Testing Reactor) type reactor. The case where 

the residual heat is removed in an MTR type reactor was 

studied by Kazeminejad (2006) [2]. He studied the free 

convection heat transfer numerically after a reactivity 

insertion accident. A Reactivity-Initiated Accident in an 

MTR type reactor was also studied by Khater (2007) [3]. 

The author developed a dynamic model to perform a 

thermal hydraulic analysis of the accident. The 

formulated model coupled the kinetic parameters with 

the thermal hydraulic ones. The model was validated 

using data from the generic 10 MW nuclear reactor of the 

TECDOC-643 (1980) [4], and then applied to the reactor 

ETRR-2. Another approach was applied by Kazeminejad 

(2008) [5]. The lumped parameters approach was used 

for coupling thermal hydraulic and neutron parameters. 

A numerical treatment of the flow reversal was applied in 

an MTR nuclear research reactor type of 10 MW during 

a loss of flow accident and under free convection 

conditions. The analysis of two types of accidents RIA 

and LOFA (Loss Of Flow Accident) with a coupled 

thermal and neutron EUREKA-2/RR code was done by 

Badrun et al. (2012) [6]. An application was made for a 

TRIGA 03 MW reactor. The results show that this code 

is able to be used for the analysis of these two kinds of 

accidents. Another work dealing with the analysis of 

thermal hydraulic parameters and local hot spot during 

the flow reversal was established by Al-Yahia et al. 

(2013) [7]. In this study, a coupling model was 

developed and the obtained results were compared to 

published works. In the case of steady state, a thermal 

hydraulic analysis was done for the nuclear reactor 

PARR-1 using the code RELAP (best estimate system 

code). This study, performed by Bokhari et al. (2007) [8], 

was dedicated to the analysis of the  Onset of Flow 

Instabilities  (OFI) and the critical heat flux for the 

Departure from Nucleate Boiling  (DNB). Thus, a set of 

physical quantities has been calculated in the nuclear 

reactor core. In the same context, Salama et al. (2011) [9] 

used the CFD code FLUENT to perform a 3D simulation 

of a LOFA for a generic 10 MW nuclear reactor. 

Daeseong et al. (2012) [10] made a numerical treatment 

of the cooling capacities, by free convection, of an MTR 

nuclear research reactor. The work dealt with the 

determination of the optimal temperature margin 

compared to the conditions of Onset of nucleate Boiling 

(ONB). A thermal hydraulic analysis code THAC-PRR 
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dedicated to MTR nuclear research reactors was 

developed by Lu et al. (2009) [11]. This thermal 

hydraulic code is based on the fundamental equations of 

conservation. The finite difference method was used to 

solve the obtained system of differential equations. This 

study will be used as a reference to validate the work 

done in this paper. Among other numerical methods, we 

note that used by Barati (2013) [12]. He presented a third 

order numerical model to simulate the kinetic and the 

dynamic behavior of the nuclear research reactor core. 

Computational Fluid Dynamices (CFD) have been also 

used by Salama et al. (2012) [13] to perform 2D 

simulations of partial and total flow blockage in the 

generic 10 MW nuclear reactor in TECDOC-643 (1980) 

[4].One notes also the proposals for improving the 

numerical methods used during the coupling of the 

parameters in nuclear research reactors proposed by 

Ragusa et al. (2009) [14]. Finally, one cites the work 

done by Sidi-Ali et al. (2012) [15], who studied the effect 

of the critical velocity on the thermal-hydraulic behavior 

of a nuclear research reactor core channel. The study was 

carried out for three critical velocities: that of Miller 

(1960) [16], that of Wambsganss (1967) [17] and that of 

Cekirge and Ural (1978) [18]. 

 

In the present work, the main objective is to calculate, at 

steady state, two physical quantities which are the 

temperature of the coolant and the temperature of the 

clad along a nuclear research reactor core channel by 

solving a set of equations describing the thermal system. 

  

II. Problem analysis 
 

Let us consider a channel of a nuclear research reactor 

core as presented in figure (1). The channel, in the plane 

(x,z), is defined as the area between two fuel plates. The 

cross section is constant. The flow is upward in the z 

direction with a mass flow rate G. The coolant, in contact 

with the clad, is heated by convection and the maximum 

power density in the channel   is given by:       

                       

  
 ( )   ( )   

                            ( ) 
 

where   
  is the average power density base which is the 

base power divided by the volume of fuel and  ( ) is the 

factor of nuclear power given by  ( )        where    

and    are respectively the radial and the axial factor of 

power. 

 

 
 

Figure 1: Channel configuration 

 

III. Mathematical model 
 

The mathematical model describing the thermal 

hydraulics in the core channel was used by Lu et al 

(2009) [11], Kazeminedjad (2012) [19] and by Zhao et al 

(2013) [20]. The model is based on the three equations of 

conservation presented in (2-4). The assumptions made 

are as follows: the study is conducted at steady state; the 

flow is incompressible; turbulent and fully developed 

(thermally and hydrodynamically). The channel is 

smooth and has a hydraulic diameter Dh.  

 

The conservation equations of mass, momentum and 

energy, for an incompressible fluid, are written according 

to Zhao et al. (2013) [20]: 

 
 

 

  

  
                                    ( ) 

 

  
(
  

    
)    

  

  
      ∫           ( ) 

  

  
(
 

  
)    

  
 
  

 
                          ( ) 

 

where A is the flow cross section, G the coolant mass 

flow rate, h the enthalpy,    the heated perimeter,  
 

 the 

coolant density, g the gravitational acceleration and dl is 

the element length.  

 

In equation (3) 
  

  
  is the axial pressure gradient and the 

last term of the same equation is evaluated by: 

 

∫        
 

  

   
 

 

 

 
 

   

        
            ( ) 

 

where   is the friction factor,    the hydraulic diameter 

and V the velocity of the cooling fluid. 

 

The equation of momentum becomes, after injection of 

(5) in (3) and dividing by A, 
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(
  

     
)   

  

  
 

   

        
 
            ( ) 

 

In the nuclear reactor core channel, for upward flow one 

writes      and for downward flow +     in equation 

(6).   

 

Because of the non linearity of the momentum equation 

(6), the set of equations (2, 6 and 4) will be solved using 

the finite volume numerical method. Equation (2) is 

integrated over the control volume VC:∫
 

 

  

  
       

. 

One obtains according to Patankar (1980) [21] the value 

of G at the east and west faces of the control volume 

(Figure 2-a): 

 

                                       ( ) 
 

The values of G at the faces are the average values at the 

two nodal points east and west:       (   
  )             (     ) 2. Substituting these 

equations into equation (7), one obtains: 

 

                                         ( ) 

 
 

 

 

 

 

  

                                    a)                                        b) 

                                 
Figure (2): a- Control volume 1D, b- Control volume for velocity component. 

 
The conservation equation of momentum for the G 

component, on the control volume for node 'e', shifted 

forward, shown in Figure (2-b) is written as: 

 

 

∫
 

  
(
  

    
 
)

  

         ∫
  

    

                             

                                  ∫
   

       
 
   

  

 ∫          
  

     ( ) 

 

Integrating equation (9) on the control volume gives:  

  

(
   

    
)
 

 

    
  (

     

       
)
 

 

                 (  ) 

 

Developing (10), one gets: 

 

(
  

    
)
 

   (
  

    
)
 

   (     )             

 (
    

       
  )

 

   (
    

       
  )

 

      (  ) 

 

 

 

To evaluate   and    a centered differentiation scheme 

between neighboring nodes is used, one obtains: 

    
      

 
  and,     

     

 
. As         , with    

the fluid velocity in the channel, one can write    and  

   according to the velocities of    and    as follows 

      (
      

 
)   and          (

     

 
) and the 

velocities are     
      

 
  and    

     

 
. 

 

The discretized equation, in a general form, for the 

velocity components at the faces of the control volume is 

given by: 

     ∑         (     )            (  ) 

 

Where Pp is the pressure at the center of the control 

volume and PE is the pressure value at the east node. 

 

Expressing equation (12) according to the new 

coordinate system numbering nodes, as shown in Figure 

(2-b), one gets: 

 

     ∑         (       )            (  ) 

 

P 

z 

E 

W 

e 

w 

Control 
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In the new numbering system, the neighboring points 

involved in the sum ∑       , shown in Figure (2-b) are 

the nodes (i-1) and (i +1). 

 

The integration of the conservation equation of energy on 

the control volume is written: 

 

∫
  

  
(
 

  
)

  

     ∫
    

 
   

  

                 (  ) 

 

Integrating (14) gives: 

 

[  ] 
                                         (  ) 

 

Where H is the enthalpy of the fluid and is given by 

       ,      is the heat capacity at constant pressure 

of the coolant,    is the temperature of the coolant and is 

assumed to be constant.  

 

Using centered differentiation scheme for east and west 

faces, one obtains: 

 

 (
         

 
)   (

       

 
)  

    
   

             (  ) 

 

Finally, by grouping terms, one obtains the discretized 

equation for temperature: 

 

    (       )                    (  ) 

 

If equation (17) is expressed according to the new 

coordinate system numbering nodes as shown in Figure 

(2-b), one obtains:  

 

       (            )                        (  ) 

where: 

  
    

   
   ,          

 

 
 

 

Equation (12) can be solved if the pressure p is known or 

estimated. If the correct pressure is known, the velocity 

field obtained after solving the linear algebraic system 

will satisfy the continuity equation. The SIMPLE scheme 

is used for pressure evaluation. 

 

Once the temperature of the coolant known, one can now 

evaluate the temperature in the clad   . The equation 

given by El wakil (1971) [22] is used: 

 

  ( )    ( )  
  

   

  
    

  

  
                   (  ) 

Where   is the meat thickness,    the extrapolated 

length, and   the convection heat transfer coefficient 

given by   
      

  
 where   is the thermal conductivity  

of  the fluid, Dh the hydraulic diameter and      the 

Nusselt number calculated thanks to the Colburn 

expression which is used for the turbulent and fully 

developed flow and given by:  

 

             
                                            (  ) 

 

The Reynolds number is given by      
    

  
  where    

is the kinematic viscosity of the fluid. The Prandtl 

number appearing in equation (20) is given by          

   
      

 
  where    is the dynamic viscosity of the 

fluid. 

 

The boundary conditions of the system are as follows:  

the temperature of the coolant at the entry of the channel 

and the flow rate are those given in table 1. For pressure, 

a difference of 1 bar between the inlet and outlet pressure 

(given in table 1) is taken to ensure the fluid flow in the 

channel.  

 

IV. Nuclear reactors data and validation 
 

To verify the method developed to solve the set of 

equations describing the thermal hydraulic behavior in 

the studied channel, one chooses to do it for two different 

nuclear research reactors using water as coolant and plate 

type fuel. The first nuclear research reactor is about 02 

MW referenced by IAEA as TECDOC-233 (1980)[23] 

and the second of about 10 MW and also referenced by 

AIEA as TECDOC-643 (1980)[4]. 

 

The properties of the two nuclear research reactors are 

given in table (1):  
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   Table 1: MTR type reactors Data, TECDOC-233 (1980)[24] and TECDOC-643  (1980)[4] 

  Properties    2 MW   10 MW   Properties   2 MW  10 MW 

Standard fuel elements 

number 

19 23 Standart fuel elements plates 

number 

19 23 

Control fuel elements 

number 

4 5 Control fuel elements plates 

number 

15 17 

Channel width (cm) 6.64 6.65 Plate total lenght (cm) 62.5 60 

Fuel  width 6.3 5.1 Channel thickness (cm) 0.2916 0.223 

Heating length (cm) 60 60 Clad thickness (cm) 0.0381 0.038 

Inlet temperature (°C) 38 38 Fuel thickness (cm) 0.051  

Outlet pressure (bar) 1.961  Radial factor of power 2 1.4 

 Clad thermal Con- 

ductivity  (w/cm.K) 

0.180 0.180 Axial factor of power 1.58 1.5 

Fuel Thermal Con-

ductivity (w/cm.K) 

0.536 0.5 Total flow rate (m
3
/h) 300 1000 

   Flow velocity in the channel 

(m/s) 

0.94 2.97 

 
The results obtained from the calculations in the present 

work will be compared to some works done and to a 

thermal hydraulic code. The works are those of Lu et al. 

(2009) [11] and Boudali and Salhi (2011)[24]. The first 

authors, Lu et al.(2009)[11], developed a thermal-

hydraulic analysis code for research reactors using plate-

type fuel. The analysis code is based on the fundamental 

laws of conservation and appropriate constitutive 

correlations. A simple and improved lumped-differential 

method has been adopted to analyze the conjugate heat 

transfer between the fuel plate and the coolant. An 

application for a nuclear research reactor of 10 MW was 

done. The results obtained for the temperature of the clad 

and the temperature of the coolant at steady condition are 

used as a reference for the validation of this work for the 

case 10 MW. The second authors, Boudali and Salhi 

(2011)[24], developed a thermal hydraulic study of a 

nuclear research reactor core channel using El Wakil 

equation set-up for the thermal part of their work. They 

study this thermal hydraulic behavior for three critical 

velocities. They determine the profiles of the temperature 

in the fuel meat, in the clad and in the coolant for the 02 

MW nuclear research reactor given in TECDOC-

233(1980)[23], These profiles will be, also, a reference 

for the validation of this work for the case of 02 MW. 

The thermal hydraulic code involved in this work is 

TERMIC (1995) [25], which  is a program that can 

perform thermal-hydraulic calculations of nuclear reactor 

cores in pressure and temperature ranges typical of MTR 

type reactors. TERMIC (1995) [25] is intended to 

calculate fuel and coolant temperature along the fuel 

channels, critical heat flux (CHF), departure from 

nucleate boiling ratio (DNBR) and also maximum 

allowable powers and heat fluxes using selectable 

limiting criteria of onset of nucleate boiling (ONB), CHF 

and onset of flow instability (OFI) as a function of the 

coolant velocity. This code will be run for the two cases 

of 02 MW and 10 MW and the obtained results will be 

also compared to this work. 

V. Obtained results 
 

The first application deals with a core channel of a 

nuclear research reactor of 02 MW, the flow is upward 

and the coolant temperature at the entry of the channel is 

taken equal to 38 °C. The obtained profiles of 

temperature for the coolant and the clad are presented in 

figure (3). 
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Figure 3: Temperature profiles of the coolant and the clad in the 02 MW nuclear research reactor core channel 

 
In figure (3) are presented six profiles. In the upper part, 

the temperature profiles of the clad and in the lower part 

the temperature profiles of the coolant. The profiles 

obtained by the present work are compared to those of 

Boudali and Salhi (2011)[25] and to those given by the 

code TERMIC (1995) [25].  

 

The second application deals with a core channel of a 

nuclear research reactor of 10 MW, the flow is 

downward and the coolant temperature at the entry of the 

channel is taken equal to 38 °C. The obtained profiles of 

temperature for the coolant and the clad are presented in 

figure (4). In this figure, are presented six profiles. In the 

upper part, the temperature profiles of the clad and in the 

lower part the temperature profiles of the coolant. The 

profiles obtained by the present work are compared to 

those of Lu et al. (2009)[11] and to those given by the 

code TERMIC (1995) [25].  

 

 
 
Figure 4: Temperature profiles of the coolant and the clad in the 10 MW nuclear research reactor core channel 
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Table 2: Obtained and comparative results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The differences between the obtained results, for the clad and coolant  temperatures, and those obtained by various authors were done thanks to the following formulation: (Value of 

the present work – Value from other author)/ Value of the present work. 

 

Tcp : Clad peak temperature  

Zp : Peak location 

Tcout : Clad outlet temperature 

Tfin : Fluid inlet temperature 

Tfout: Fluid outlet temperature 

 

 

 

  02  
 MW 

Tcp 

Boudali & 

Salhi 

(2011) 

Tcp code 

TERMIC 

(1995) 

Tcp 

Present 

Work 

Zp Boudali 

& Salhi 

(2011) 

Zp  code 

TERMIC 

(1995) 

Zp  

Present 

Work 

Tcout  

Boudali & 

Salhi 

(2011) 

Tcout code 

TERMIC 

(1995) 

Tcout 

Present 

Work 

Tfin for 

present 

work 

Tfout 

Boudali 

& Salhi 

(2011) 

Tfout 

code 

TERMIC 

(1995) 

Tfout 

Present 

Work 

81.2946 80.6 82.397 0.6216 0.5667 0.5676 61.7709 64.7 60.373 38 

 

53.112 52.3 59.3075 

 

 10      

 MW 

Tcp  Lu et 

al. (2009) 

Tcp code 

TERMIC 

(1995) 

Tcp 

Work 

Zp Lu  et  

al. (2009) 

Zp code  

TERMIC 

(1995) 

Zp Present 

Work 

Tcout  

Lu et al. 

(2009) 

Tcout code 

TERMIC 

(1995) 

Tcout 

Present 

Work 

Tfin for 

presnt 

work 

Tfout 

Lu et al. 

(2009) 

Tcp code 

TERMIC 

(1995) 

Tfout 

Present 

Work 

 80 80.6 83.2026 0.6524 0.5833 0.6757 61.1332 68.63 64.7 38 

 

50.0457 55.27 50.7113 
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The analysis, of the obtained results shows that most of 

the calculated relative differences are less than 10 %. The 

numerical method used in this work gives results close to 

the results obtained by Boudali and Salhi (2011)[24] and 

also those obtained by Lu et al. (2009)[11].  The results 

given by the code TERMIC (1995) [25] for the two 

power cases are also close to those obtained by this work. 

Moreover, the values of the clad temperature at the peaks 

obtained by this work are larger than those given in the 

three references cited before. So, the results obtained, 

using this numerical approach, are the more conservative. 

However, three calculated relative differences are 

slightly higher than 10 %. One value, for the 02 MW 

case, is the outlet temperature of the fluid given by the 

code TERMIC (1995) [25]. The two other relative 

differences are for the 10 MW case: the peak position of 

the clad temperature calculated with the code TERMIC 

(1995) [25], and finally the clad temperature at the exit of 

the channel given also by the code TERMIC (1995) [25].  

 

One of the most interesting results is the maximal 

temperature at the peak for the two cases 02 MW and 10 

MW. The four relative differences are less than 3.8% 

which is a very good result. As for the values expressing 

the peak positions, the relative differences are slightly 

larger but still very acceptable. For the first it is 13.6% 

for the peak position which has no effect on the maximal 

temperature at the peak. For the 02 MW case, the 

calculated outlet temperature of the fluid compared to 

that given by the code TERMIC (1995) [25] has a 

relative difference of 11%. The calculated temperature, 

of the fluid, increases to reach the clad temperature at the 

exit. This is due to the under evaluation of the heat 

transfer. The last value is the relative difference of 10.9% 

for the outlet calculated temperature of the clad and that 

given by the code TERMIC (1995) [25]. This difference 

is simply due to the big difference in the inlet clad 

temperature which is more than 12 degrees.  

 

However, in a point of view of nuclear safety, the 

intrinsic values of the peak temperatures are more 

interesting than the position of these peaks and the results 

presented here show that the calculated temperatures are 

acceptable. 

 

VI. Conclusions 
 

In the present work, a system of nonlinear differential 

equations for thermal-hydraulic analysis of a core 

channel of a nuclear research reactor using plate type fuel 

was solved using the finite volume method. The system 

of differential equations was set up thanks to the 

conservative equations of mass, momentum and energy. 

The resolution method was applied to two nuclear 

research reactors, for an upward flow for the 02 MW 

case and a downward flow for the 10 MW case. 

 

To enhance this work, relative difference calculations 

were done involving the obtained results and some 

comparative works. The obtained results for each case 

were compared to results given by a thermal-hydraulic 

code and also to validated results. This double 

comparison was necessary to know the precision of the 

results and their ability to predict correctly the 

temperatures of the clad and the coolant. These two 

physical quantities are of great importance in the 

calculation of the critical flux. 

  

The analysis of the relative differences shows that the 

obtained profiles of the clad and coolant temperatures are 

very close to the comparative results presented in this 

work and the thermal-hydraulic behavior of the nuclear 

reactor core channel is physically correct. And finally, 

one can also say that the obtained results are the more 

conservative.                                                            

 

VII.  References 
 

[1] C. Housiadas, 2000. Simulation of loss-of-flow 

transients in research reactors. Annals of Nuclear 

Energy. 27,  1683-1693 

[2] H. Kazeminejad, 2006. Reactivity insertion limits in a 

typical pool-type research reactor cooled by natural 

circulation. Annals of Nuclear Energy. 33, 252–261 

[3] H. Khater ,T. Abu-EL-Maty , S. EL-Morshdy, 2007. 

Thermal-hydraulic modeling of reactivity accident in 

MTR reactors. Annals of Nuclear Energy 34, 732–

742 

[4] ***, TECDOC-643, 1992. Research Reactor Core 

Conversion Guidebook. vol.3, Analytical 

Verification. IAEA 

[5] H. Kazeminejad, 2008. Thermal-hydraulic modeling 

of flow inversion in a research reactor. Annals of 

Nuclear Energy. 35, 1813–1819 

[6] N.H. Badrun , M.H. Altaf, M.J.H. Khan, M.S. 

Mahmood, M.A. Motalab, Z.I. Lyric, 2012. Thermal 

hydraulic transient study of 3 MW TRIGA Mark-II 

research reactor of Bangladesh using the EUREKA-

2/RR code. Annals of Nuclear Energy. 41, 40–47 

[7] O.S. AL-Yahia , M.A. Albati , J. Park , H. Chae , D. 

Jo, 2013. Transient thermal hydraulic analysis of the 

IAEA 10 MW MTR reactor during Loss of Flow 

Accident to investigate the flow inversion. Annals of 

Nuclear Energy. 62, 144–152 

[8] I.H. Bokhari , T. Mahmood, K.S. Chaudri, 2007. 

Steady-state thermal hydraulic analysis of the 

equilibrium core of Pakistan research reactor-1. 

Technical Note. Annals of Nuclear Energy. 34, 836–

838 

[9] A. Salama , S. El-Morshedy, 2011. CFD simulation 

of the IAEA 10 MW generic MTR reactor under loss 

of flow transient. Annals of Nuclear Energy. 38, 564–

577 

[10] D. Jo, S. Park, J. Park, H. Chae, B. Lee, 2012. 

Cooling capacity off plate type research reactors 

during the natural convective cooling mode. Progress 

in nuclear Energy. 56, 37-42 

http://www.sciencedirect.com/science/article/pii/S0306454900000530
http://www.sciencedirect.com/science/article/pii/S0306454900000530


O. Labani, K. Sidi-Ali, B. Saim, Kh. Oukil 

  

Copyright © 2010-2014 Journal of Science Research - All rights reserved. 42 

 

[11] Q. Lu, S. Qiu, G.H. Su, 2009. Development of a 

thermal–hydraulic analysis code for research reactors 

with plate fuels. Annals of Nuclear Energy. 36, 433–

447 

[12] R. Barati, S. Setayeshi, 2013. A model for nuclear 

research reactor dynamics. Nuclear Engineering and 

Design. 262, 251– 263  

[13] A. Salama, S. El-Morshedy, 2012. CFD simulation 

of flow blockage through a coolant channel of a 

typical material testing reactor core. Annals of 

Nuclear Energy 41, 26–39 

[14] J.C Ragusa, V.S. Mahadevan, 2009. Consistent and 

accurate schemes for coupled neutronics thermal-

hydraulicsreactor analysis. Nuclear Engineering and 

Design. 239  566–579 

[15] K. Sidi-Ali, Z. Boudali, R. Salhi, 2012. Thermal 

hydraulic behavior of physical quantities at critical 

velocities in a nuclear research reactor core channel 

using plate type fuel. Nuclear Technology & 

Radiation Protection. 27, 229-238 

[16] D.R Miller, 1960. Critical Flow Velocities for 

Collapse of Reactor Parallel-Plate Fuel       

Assemblies. ASME J. Eng. 82,  83-95 

[17] Jr.M.W Wambsganss, 1967. Second-Order Effects 

as Related to Critical Coolant Flow         Velocities 

and Reactor Parallel Plate Fuel Assemblies. Nuclear 

Engineering and Design. 5, 268-276 

[18] H.M Cekirge, E. Ural, 1978. Critical Coolant Flow 

Velocities in Reactors Having Parallel Fuel Plates. 

Comp. and Maths with Appls. 4,  153-156 

[19] H Kazeminedjad, 2012. Thermal hydraulic 

modeling of reactivity insertion in a research reactor. 

Annals of Nuclear Energy. 45, 59-67 

[20] L. Zhao, G.H. Su , S.Z. Qiu, Z.L. Wang, 2013. 

Thermal–hydraulic performance analysis of PWR of 

IPWR during full pressure start-up mode. Annals of 

Nuclear Energy. 60, 28–33 

[21] S.V Patankar, 1980. Numerical Heat Transfer and 

Fluid Flow series in computational methods in 

mechanics and thermal science. Hemisphere 

publishing corporation, USA. 

[22] M.M El-Wakil, 1971. Nuclear Heat Transport. 

International Textbook Company. Cranton, Penn., 

USA. 

[23] ***, TECDOC-233, 1980. Research Reactor Core 

Conversion from the Use of Highly         Enriched 

Uranium to the Use of Low Enriched Uranium Fuels 

Guide book. IAEA.  

[24] Z. Boudali, R. Salhi, 2011. Contribution to the 

thermal study of an embarked nuclear reactor and its 

annex systems, original title in French: Contribution à 

l’étude thermique d’un réacteur nucléaire embarqué 

et ses systèmes annexes, PFE Report, E.M. 

Polytechnique, Bordj El Bahri, Algeria. 

[25] ***,TERMIC-1H Mode 3.0, 1995. INVAP SE:  A 

Program for the Calculus and Thermal- hydraulic 

Design of Reactor Cores, MTR_PC package. 

Argentina.  

 
 

 

 

 



 

 

Journal of Scientific Research 
University of Bechar 

 
P.O.Box 417 route de Kenadsa  

08000 Bechar - ALGERIA 
Tel: +213 (0) 49 81 90 24 
Fax: +213 (0) 49 81 52 44 

Editorial mail: jrs.bechar@gmail.com 
Submission mail: submission.bechar@gmail.com 

Web: http://www.univ-bechar.dz/jrs/ 

mailto:jrs.bechar@gmail.com
mailto:submission.bechar@gmail.com
http://www.univ-bechar.dz/jrs/

