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Abstract 

The R-function method is applied to model the geometry of the critical facility ZED-2 as an 

illustrative example.  Each material region is represented by a real, continuous and differentiable 

function of spatial coordinates that is referred to as the domain function.  Instead of using 

particular functions for individual elements, a single function is constructed to represent all 

spatial domains that contain the same material, for instance all fuel pins, etc.  Owing to 

continuity and differentiability, the domain functions can be used to construct a basis for 

approximate solution of the related boundary value problems.  A study of the approximation 

ability of the domain functions is carried out using the two-group spatial neutron flux distribution 

in the ZED-2 facility as a model problem.  The least squares method is used to determine the 

unknown coefficients by minimizing the discrepancy between the reference MCNP solution and 

a power series of domain functions.  The results show that a modest number of terms in the 

series is able to produce a good approximation of the neutron flux distribution specified on a 

mesh grid of 500500 points. 

 

Keywords: geometry modeling, R-functions, ZED-2 facility, neutron flux distribution. 
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1. Introduction 

A mathematical description of the geometry is required in a wide range of scientific and 

engineering problems, such as: approximate solution of boundary values problems, solid 

modeling, computer-aided design and manufacturing, etc.  By the introduction of the Cartesian 

coordinate system in 1637, the French philosopher René Descartes is credited with conceiving 

the analytical geometry, which allows algebraic equations to be expressed as geometric shapes.  

For instance, quadric surfaces (cylinder, cone, ellipsoid, paraboloid and hyperboloid), which are 

largely used in solid modeling and Monte Carlo calculations, represent sets of points at which a 

quadratic polynomial of spatial coordinates is equal to zero.  Over the past centuries, remarkable 

progress was made in understanding and classifying the properties of analytic and algebraic 

equations.  The efforts were focussed mainly on what is termed as the direct problem of the 

analytical geometry, i.e., to determine the geometric shape or the locus (set of points) for a given 

equation.  The inverse problem that consists of determining an equation for a given geometric 

shape was not treated until recently.  Despite a very large class of geometric shapes that have 

been considered, analytical geometry is unable to describe some very simple geometric shapes 

such as triangle and square, for instance.  Instead of a single equation, the mathematical 

description of such shapes, which are usually referred to as semi-analytic domains, consists of a 

set of equalities and inequalities. 

 A solution of the inverse problem of the analytical geometry was given in the 1960’s [1] 

by the R-function Theory [2], [3] developed by Ukrainian mathematician V.L. Rvachev.  It is a 

powerful tool to address the geometric part of the problem in various scientific and engineering 

disciplines.  Using R-functions one can easily construct an analytical, continuous and 

differentiable function that describes the boundary of a semi-analytic object, i.e., a complex 
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spatial domain the boundary of which consist of parts of analytic surfaces.  In this way, the 

geometric information can be a priori and analytically incorporated in the approximate solution 

of a boundary problem.  Accordingly, the R-function method has been efficiently applied to 

approximate solution of heat transfer, electrostatics, theory of plates, and other elliptic boundary 

value problems [3], including the neutron diffusion [4], [5].  It has been shown [6] that in dealing 

with some complicated geometric shapes, the R- function method allows an efficient 

approximate solution of the Laplace equation with a radical reduction of the number of 

unknowns.  In addition to boundary value problems, the method has been also applied as solid 

modeller for Monte Carlo calculations [9]. 

 There are numerous publications (15 monographs and more than 500 articles) [10] on the 

R-function method covering both the theoretical aspects and applications.  However, a great 

majority of these publications are in Russian so that the R-function theory is still little known in 

the Western world.  The interested reader can find references to a number of papers in English in 

the reference list of Reference [10], including an English translation [11] of the reference [3].  

The goal of this paper is to present some of the potentials of the R-function method applied to an 

analytical description of the geometry in nuclear reactor simulations.  To this end, the ZED-2 

critical facility is considered as an illustrative example.  To facilitate the reader’s understanding 

of the matter presented herein, a review of some of the basic elements from the R-function 

theory is given in Section 2.1.  Based on this formalism, the analytical modeling of the geometric 

shape of characteristic material regions of the ZED-2 facility is presented in Section 2.2.  The 

resulting functions are continuous and differentiable, so that, in addition to geometric modeling, 

they can be used to specify an approximation basis for the related boundary value problem.  A 

study of approximation abilities of domain functions is presented in Section 3.  
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2. Analytical Modeling of the ZED-2 Critical Facility 

The ZED-2 critical facility is a zero-power heavy-water moderated reactor, in which experiments 

are done to provide a broad experimental background for lattices of heavy water reactors.  Fuel 

channels are vertically suspended into the heavy water moderator and reactivity is controlled by 

fine adjustments of the moderator level.  Measurements are made for various lattice 

arrangements, at different lattice pitches, different fuel conditions, and different coolants.  Figure 

1 shows the top view of a typical reactor configuration in which 52 fuel channels are arranged in 

a square lattice of 24 cm lattice pitch.  Each fuel channel consists of aluminum pressure and 

calandria tubes that are separated from each other by an air gap.  Fuel bundles and the coolant, 

light water in this case, are accommodated within the pressure tube.  Figure 2 shows the cross-

sectional view of a fuel channel with 43-element CANFLEX
1
 fuel bundles.  Geometry data of 

the bundle can be found elsewhere [12]. 

[Figure 1 about here] 

[Figure 2 about here] 

2.1 A Review of Relevant Terms 

2.1.1 Domain Functions 

The above two figures specify a two-dimensional model of the ZED-2 facility.  In such a 

simplified representation it consists of the following material regions: fuel, cladding, light water 

as a coolant, pressure tubes, calandria tubes, air gap between pressure and calandria tubes, heavy 

water (moderator and reflector), and graphite reflector.  Each of these regions occupies a spatial 

domain    bounded by a boundary    .  The goal is to construct for each material region a real, 

continuous, and differentiable function       of spatial coordinates           that is greater 

                                                
1 CANFLEX is a registered trademark of Atomic Energy of Canada Limited (AECL) and the Korea Atomic Energy Research 

Institute (KAERI). 
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than zero inside the domain   , equal to zero at its boundary    , and smaller than zero 

everywhere else, i.e., 

       

                      
                     
               

  (1) 

Owing to the above properties, the function       can be used to describe the related domain 

and, as such, it is referred to as the domain function.  A boundary point     , at which a 

unique normal   to the boundary    exists, is referred to as a regular boundary point.  A domain 

function is normalized to the order m if the inward directed normal derivative at the regular 

points of the boundary    is equal to unity, while normal derivatives above order 1 and up to 

order m are equal to zero, i.e., 

      

  
       

       

   
                         (2) 

Accordingly, near the boundary, the domain function behaves as a linear distance from the 

boundary, i.e., 

                     
                 (3) 

where   denotes a small quantity.  As a consequence, at regular boundary points, the inward 

normal can be expressed as the gradient of the domain function, i.e.,         .  Thus, the 

normal derivative    of a given function f at the boundary takes the following form: 

     

  
 
   

  

  

  
 
   

  

  

  
 
   

  

  

  
           (4) 
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The above equation simplifies the mathematical apparatus of a boundary value problem.  Instead 

of various case dependent expressions, the normal derivative at a boundary can be easily 

specified in a general form using the derivatives of the related domain function. 

 The material regions of the ZED-2 model considered here are bounded by cylindrical 

surfaces.  Starting from the analytical equation of a cylindrical surface, a variety of functions can 

be constructed to describe a spatial domain bounded by a cylindrical surface.  For instance, the 

following function satisfies the properties of Equation (1) and is normalized to the first order as 

specified by Equation (2): 

                                 (5) 

where   denotes the cylinder radius, while    and    are the coordinates of the cylinder axis. 

 In the case of an annular region (pressure tube, calandria tube, etc.), the product of two 

functions of the type (5) would satisfy the properties of Equation (1).  However, difficulties may 

arise if the resulting function needs to be normalized in the sense of Equation (2).  A general 

method of constructing domain functions for arbitrary semi-analytic domains has been given by 

the R-function theory as presented in what follows. 

2.1.2 R-Functions 

In order to explain the main idea in the development of the R-function method, it is useful to 

consider two sets V1 and V2 and the set operations intersection       and union      .  

Suppose the sets    and    represent spatial domains bounded by analytic surfaces     and    , 

respectively.  Consequently, they can be represented by corresponding domain functions       

and      .  The basic idea of the R-function approach is to specify such operators    and    

(analogous to set operators   and  ) that acting on the real functions       and       will 

produce domain functions of the resulting sets       and      , i.e. 
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  (6.a) 

                        

                                        

                                       

                         

  (6.b) 

By analogy with the corresponding logical operators of conjunction ( ) and disjunction ( ), the 

operators    and    are referred to as R-conjunction and R-disjunction, respectively.  By the 

development of the R-function theory, several complete systems of R-functions have been 

specified.  The explicit forms of R-conjunction and R-disjunction in three such systems are given 

in what follows. 

  -system: 

       
 

   
          

    
          (7.a) 

       
 

   
          

    
          (7.b) 

where   is an arbitrary function that satisfies       . 

  -system as a special case of    using    : 

       
 

 
                           (8.a) 

       
 

 
                           (8.b) 

  -system as a special case of    using    : 
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  (9.a) 

                
    

  (9.b) 

The complement     of a set    is another set operation that is important for solid modeling 

purposes.  The analogous R-operation is termed as R-negation and is equal to the sign inversion 

in all R-systems. 

 Depending on the R-system, the functions may have different differential and logical 

properties.  It is appropriate to select the R-system according to the properties of the problem 

being solved.  For solid modeling purposes, the   -system is the most attractive one due to the 

very simple mathematical form that results in very fast computation.  However, it is inadequate 

for approximate solution of boundary value problems because there is a discontinuity of the first 

derivative when       or       .  In such cases, it is necessary that the R-functions be 

differentiable, so that the R0-system, which has a simpler mathematical form than the generic 

  -system, is more convenient.  Another important feature is that Equations (9), as well as 

Equations (8) and (10), preserve the normalisation, i.e., if the functions    and    are 

normalized, then the resulting functions        and        are normalized as well.  A 

drawback is that the R0-system does not obey the law of associativity, i.e., 

                          (10.a) 

                          (10.b) 

Suppose, for instance, that each function              represents a planar half-space so that the 

functions              and              describe a triangle in two-dimensional 

geometry.  Assuming that it is an equilateral triangle, one would expect that the domain function 
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is symmetric with respect to triangle sides.  However, if the associativity law is not satisfied, as 

is the case with the inequalities (10), the resulting domain functions would not be symmetric.  

Therefore, particular attention should be paid to symmetrise the domain function, if necessary.  

This can be done by averaging, 

  
 

 
                                         (11) 

or by using R-functions of three or more arguments.  For instance, three-argument R0-

conjunction can be represented as follows: 

                       
    

     
    

     
    

 

    
    

    
  

(12) 

Henceforth, the R0-system will be used throughout this paper.  For the sake of simplicity, the 

related operators    and    will be denoted as   and   without any confusion with the 

corresponding logical operators. 

2.1.3 Transformation of Translational Symmetry 

In many applications, including the ZED-2 modeling presented here, one needs a mathematical 

description of periodically repeating domains.  In such cases, it is convenient to transform spatial 

coordinates into variables that obey the required periodicity.  To achieve this, the following 

transformation can be applied: 

         
 

 
      

         

              
 (13) 
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where x is a spatial coordinate, h is the repetition period, while the parameter c and the interval 

of linearity a are explained in what follows.  The function      allows a smooth and n-times 

differentiable transition from one repetition period to another. 

      
                         

      
 

   

 (14) 

The parameters c, p and q are specified as follows, where the quantity a denotes the interval of 

linearity: 

      
 

 
   

 

 
           

 

 
                

 

 
   (15) 

The function          is continuous and takes linear values               on the intervals 

                             According to Equation (14), it is n-times 

differentiable and the first derivative is constant and equal to       within the intervals of 

linearity. 

2.2 Modeling of Characteristic Geometric Regions 

2.2.1 Fuel Channels 

A fuel channel on a whole occupies a cylindrical spatial domain encompassed by the outer radius 

R of the calandria tube.  The related domain function can be described by Equation (5), in which 

the coordinates         of the cylinder axis vary according to the channel position in the lattice.  

In this way, one can get a domain function for each particular channel.  However, this approach 

may be cumbersome and time consuming in the case of a large number of channels.  A more 

elegant way of modeling with less computing effort is to model the entire lattice on a whole by 

using the transformation of translational symmetry specified by Equation (13).  As shown in 

Figure 1, the fuel channels are arranged in a square lattice that is shifted from the reactor centre 
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by half a lattice pitch.  Accordingly, the following transformation of spatial coordinates should 

be applied: 

                  (16.a) 

                  (16.b) 

where the repetition period h is equal to the lattice pitch, while the interval of linearity a is 

greater than the outer diameter of the calandria tube (      ).  Substituting Equations (16) 

into Equation (5), one gets a domain function     
       that describes an infinite array of 

cylindrical domains arranged in a square lattice.  To select only a desired number of channels it 

is necessary to specify a spatial domain that encompasses them.  For the particular case here, 

such a domain can be constructed as a union of two rectangles and a square (the gray shaded area 

in Figure 1).  To construct the related domain function, consider first the following two 

functions: 

            (17.a) 

            (17.b) 

Each of them represents a half-space bounded by a planar surface that is parallel to the y-z plane 

and encompasses the coordinate origin at a normal distance d.  The intersection of these two 

half-spaces represents an infinite slab, the spatial domain of which can be represented as an R-

conjunction of the functions specified by Equations (17), i.e.,                  .  Another 

function         can be constructed in a similar manner to specify an infinite slab in the y-

direction.  Then, the function                         represents a square of side length size 

d.  The domain functions         and         of the rectangles that form the shaded area in Figure 
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1 can be constructed in the same manner by a proper choice of the parameter d.  As a final result, 

the domain function of the shaded area can be cast in the following form: 

                                (18) 

Hence, the function                  describes only the desired number of channels as 

shown in Figure 3.  For the sake of visual clarity, the figure presents only the positive part 

     
        

        
      of the considered domain function.  The negative part describes 

the rest of the space including the heavy water region. 

[Figure 3 about here] 

 Varying the cylinder radius R in Equation (5), the same procedure can be applied to 

produce functions that describe finite arrays of the same number of cylindrical domains but with 

different cylinder radii.  Denote by      , for instance, the domain function of the array in which 

the cylinder radius is equal to the inner radius of the calandria tube.  Then, taking into account 

that      
  was specified for the outer radius of the calandria tube, the function        

               will describe all calandria tubes in the ZED-2 model considered here.  The 

same procedure can be used to construct a domain function for all pressure tubes as well as all air 

gaps between calandria and pressure tubes. 

 The extension to three-dimensional geometry is straightforward.  Suppose, for instance, 

that the fuel channels have a finite length L in axial direction.  A domain function        , which 

represents an infinite z-dependent slab of thickness L, can be constructed using Equations (17) 

with a proper change of spatial coordinates,      and the parameter      .  Then the 

function               represents 52 channels of axial length L arranged in a square lattice as 

shown in Figure 1. 

2.2.2 Heavy Water Region 
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In the reactor model considered here, the heavy water plays a twofold role, as a moderator within 

the lattice of fuel channels and as a reflector around them.  It occupies the entire space inside the 

reactor tank but outside calandria tubes.  Denote by       the function that describes a 

cylindrical domain the radius of which is equal to the inner radius of reactor tank.  Having 

already specified the function       for all fuel channels, the domain function of the heavy 

water region can be easily constructed as                    . 

 However, the above function may suffer from non-linearity effects due to non-linearity of 

the transformation (13) over the intervals                    .  In order to reduce these 

effects to an acceptable level, one may specify a translational transformation with twice as large 

repetition period, i.e.,          .  Applied to Equation (5), it will produce a function that 

describes every second cylinder in x and y directions.  Four such transformations are necessary to 

cover the entire array as follows: 

                                                     
   

 (19.a) 

                                                     
   

 (19.b) 

                                                     
   

 (19.c) 

                                                     
   

 (19.d) 

For each transformation, a finite number of channels can be selected using the R-conjunction 

with the domain function of the encompassing region, i.e.,      
   

     
   

      .  For all 

channels of interest, the domain function with reduced non-linearity effects can be cast as 

follows: 
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     (20) 

Accordingly, the heavy water region can be represented by                   
  , the 

positive part of which is shown in Figure 4. 

[Figure 4 about here] 

2.2.3 Fuel and Coolant Regions 

The CANFLEX fuel bundle consists of a central fuel pin, inner ring of 7 pins, middle ring of 14 

pins, and outer ring of 21 pins.  The spatial domain of each particular pin can be modeled by 

Equation (5) with properly chosen values of the radius R and cylinder axis coordinates        .   

However, as mentioned in the previous section, it may be a cumbersome and time consuming 

process to deal with a large number of repeating spatial domains.  Similar to the square array of 

cylinders, the transformation of translational symmetry can be applied to specify a ring of 

rotationally repeating domains.  Consider the inner ring of seven fuel pins of radius      .  The 

first pin in the ring is specified by Equation (5), in which        ,           and     , 

where        denotes the radius of the inner ring of pins.  Replace the transformed Cartesian 

coordinates         as given in Equation (16) with polar coordinates      : 

                     (21) 

                      
  

  
 (22) 

The inner ring of pins represents a seven-fold rotational repetition of the first pin with a 

repetition period       .  In order to apply the transformation (13) to the coordinate  , select 

the parameter a so that the interval of linearity encompasses the entire pin, i.e., 
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                       .  Replace the coordinate   with the translational symmetry 

transformation (13), i.e.,              , and transform Cartesian coordinates accordingly: 

                         (23) 

Equation (5) with the above coordinate transformation produces a domain function        that 

represents all seven pins in the inner ring of pins.  The same procedure can be applied to 

construct domain functions        and        of the middle and outer rings of pins, respectively.  

Of course, in this case the repletion periods h as well as the linearity interval a need to be 

specified according to the number of pins in the ring considered.  The domain function       of 

the central pin can be constructed directly from Equation (5) using      and      without 

any coordinate transformation.  Then, all fuel regions in the cluster can be described by the 

following function: 

                                     (24) 

The same procedure can be repeated using the outer cladding radius in Equation (5) to get a 

function       that describes all fuel pins on a whole.  Assuming that there is no gap between the 

fuel and the cladding, the function that describes only the cladding can be constructed as follows: 

                     (25) 

Denoting by       the function that represents the interior of the pressure tube, the domain 

function of the coolant region takes the following form: 

                     (26) 

As a visual illustration, Figure 5 and Figure 6 show the positive parts of functions       and 

     , respectively.  They were constructed by transformed spatial coordinates according to 
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Equation (16), so that the corresponding spatial domains repeat periodically in an infinite square 

lattice.  To select only the spatial domains within the actual fuel channels, an R-conjunction with 

the function       should be applied.  As mentioned earlier, an extension to three-dimensional 

models of the fuel, cladding and coolant is straightforward. 

[Figure 5 about here] 

[Figure 6 about here] 

 It is worth repeating here that each of the Figure 3 to Figure 6 represents the shape of a 

single real analytic function that is continuous, differentiable and normalized to the first order, 

i.e., the first derivative along the inward normal at the boundary is equal to unity.   

3. Approximation Abilities of Domain Functions 

The scalar neutron flux as the solution of the neutron transport equation belongs to the class of 

continuous functions that are differentiable everywhere except at material interfaces.  A common 

approach of the current deterministic transport methods is to approximate the solution with a set 

of trial functions from a less restrictive class of functions than the class to which the exact 

solution belongs.  This is mainly due to the inability of conventional numerical mathematics to 

handle complex spatial domains on a whole.  Instead, such a complex domain needs to be 

subdivided into a number of subdomains of simple geometric shapes (triangles, rectangles, etc.), 

to each of which a classical approximation (finite difference, finite element, etc.) could be 

applied.  By lessening the requirements on the trial functions, however, the number of degrees of 

freedom (unknown coefficients) of the approximate solution may increase significantly. 

 To construct an approximation basis that satisfies both the continuity and 

differentiability, each material region needs to be considered as a distinct spatial domain    

represented mathematically by a continuous and differentiable function      .  Since the R-
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function method is able to handle arbitrary semi-analytic domains, a mesh-free approximation of 

finite element type can be specified so that a finite element is associated with each material 

region without any need for subdivision into simpler shapes.  By a proper choice of the R-

system, the neutron flux approximation inside the region would be approximated by a continuous 

and differentiable function.  At interface boundaries, the flux continuity can be achieved by a 

proper coupling of boundary specified functions and the related unknown coefficients. 

 Another possible approach is to approximate the solution as a linear combination of the 

positive parts of the domain functions themselves.  Consider for instance a two-region reactor 

that consists of a homogenous core surrounded by a reflector.  Denote by         ,         , 

and          the domain functions that represent the core, reflector, and the reactor on a whole, 

respectively.  The approximate solution in region i can be represented as a linear combination of 

the positive parts of the domain functions: 

             
            

            
     (27) 

where the region index i denotes either the core or reflector, and   ,   , and    are unknown 

coefficients to be determined.  The function      
     specifies the global shape of the reactor 

flux, while the functions      
     and      

     introduce local perturbations that are due both to 

material properties and the geometric shape of the related material region.  Since both of them 

vanish at their boundary, the flux at the interface boundary is continuous and equal to 

       
    .  To increase the order of approximation, if necessary, higher order terms    

    can 

be used, as well as mutual products of some of the domain functions, i.e.,      
       

  and 

     
       

 . 

 The above approach can be extended to reactor models that consist of an arbitrary 

number of material regions.  Starting from material regions as the lowest level domains, one can 
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specify a number of higher level domains as unions of two and more material regions, up to the 

highest level, the spatial domain of the entire reactor.  Each of these domains can be represented 

by a domain function      .   

 Owing to the properties specified by Equation (1), the function   
            

represents the positive part of      inside the related domain   and vanishes everywhere else.  

Thus, the neutron flux       in a material region    can be approximated as a superposition of 

  
     and higher level functions   

     of all domains in which this region is nested, i.e., 

          
        

 

        

  
               (28) 

where    and    are unknown coefficients to be determined.   

 Before embarking on a code development adventure, which may require significant time 

and efforts, it is useful to investigate the ability of the domain functions to approximate the 

actual solution of the neutron transport equation.  To this end, a feasibility study was carried out 

using the spatial flux distribution in ZED-2 as a model problem and a reference solution obtained 

by the Monte Carlo code MCNP5 [13] Version 1.40.  For the sake of simplicity, the 

consideration is restricted to two-dimensional geometry as presented in Figure 1 and Figure 2.  

To get a virtually continuous flux distribution, flux tallies were calculated on a square mesh of 

500500 grids of about 0.33 mm step size.  The mesh covers a square region the side length size 

of which is equal to the outer radius of the heavy water region of the ZED-2 model.  Only two 

energy groups were considered because of restrictions in the MCNP input.  The fast group covers 

the neutron energy range from 4 eV to 20 MeV, and the thermal group the range below 4 eV.  

Figure 7 and Figure 8 show three-dimensional plots of the fast and thermal neutron flux, 

respectively.  The granular structure of flux surfaces is due to the statistical uncertainty in flux 
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tallies that were calculated with 100 millions active histories.  The relative error of the tallies in 

the central core region is about 0.65% and 0.35% for the fast and thermal groups, respectively.  

Increasing the distance from the centre, the neutron flux decreases while the tally error increases, 

so that at a distance of 100 cm, the tally error reaches the magnitudes of 1.5% and 0.5% for the 

fast and thermal groups, respectively.  At the reactor periphery, the neutron flux takes very small 

magnitude, even zero values in many meshes in the reflector and end moderator region.  

Therefore, in these regions, the code reports tally errors of 100%. 

[Figure 7 about here] 

[Figure 8 about here] 

For each energy group considered, an approximate flux distribution is constructed 

according to Equation (27) using a power series of domain functions and their products.  

Unknown coefficients of the series were determined by the least square method applied to the 

discrepancy between the reference flux distribution and the approximate one.  Afterwards, the 

root mean square (RMS) value of the absolute error is calculated for each energy group over the 

space of the considered square region.  As explained above, due to large tally errors at the reactor 

periphery, it is inadequate to use the relative error as a measure of agreement between the 

reference solution and approximate flux distribution.  Instead, the RMS value of the absolute 

error is divided by the RMS value of the flux distribution to give an average relative error over 

the region of interest.  Increasing the number of terms in the series, the relative error decreases so 

that, for a total number of about 50 unknowns, a reasonable error level of 2.0% is achieved.  As a 

visual illustration of the agreement between the reference solution and the domain function 

series, Figure 9 and Figure 10 compare, respectively, the fast and thermal neutron flux 
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distribution along the diagonal line of the ZED-2 model.  The results of the reference solution 

and the approximate series almost coincide with each other. 

[Figure 9 about here] 

[Figure 10 about here] 

The results show that a set of domain functions, applied as an approximation basis, is able to 

produce a good approximation of the spatial flux distribution in the ZED-2 reactor model with a 

modest number of unknowns.  It is to be expected that similar results can be obtained if the least 

square method, which is used here to minimize the discrepancy between the reference and 

approximate solution, is replaced with another minimization procedure (the method of moments 

for instance) intended for approximate solution of the neutron transport equation.  If successful, 

such an approach would result in a significant reduction of the number of unknowns compared to 

the standard transport methods.  To get an impression about potential benefits, it is worth 

mentioning that a standard method, such as the collision probability method, requires more than 

ten thousand unknowns for a sufficiently accurate solution of the ZED-2 problem considered 

here.  Thus, by using the domain function approach presented here, a significant reduction may 

be expected in both the number of unknowns and computing time. 

4. Conclusion 

The potentials of the R-function method are illustrated by modeling of reactor specific material 

regions using the ZED-2 reactor as a characteristic example.  Spatial domains of complex 

geometric shape, such as the domain of all fuel elements in the reactor, are mathematically 

described by a single continuous function.  Depending on the R-system applied, the resulting 

functions can be used in a variety of applications.  They offer an easy solution of the point 

inclusion (set membership classification) problem, which is a central issue in solid modeling 
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techniques.  On the other hand, owing to continuity and differentiability, they can be directly 

used to specify a basis for approximate solution of the related boundary value problems.  The 

spatial neutron flux distribution in ZED-2 is used as a model problem to study the approximation 

abilities of domain functions.  The results show that a power series of domain functions is able to 

give a good approximation of the reference solution obtained by MCNP. 
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Figure 2.  Cross-Sectional View of a Fuel Channel with CANFLEX Fuel Bundle 
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Figure 3.  Positive Part of the Domain Function Representing Fuel Channels 
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Figure 4.  Positive Part of the Domain Function Representing the Heavy Water Region 
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Figure 5.  Positive Part of the Domain Function Representing the Fuel Pins in the CANFLEX 

Bundle 
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Figure 6.  Positive Part of Domain Function Representing the Coolant Region 
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Figure 7.  Spatial Distribution of Fast Neutron Flux in ZED-2 Reactor 
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Figure 8.  Spatial Distribution of Thermal Neutron Flux in ZED-2 Reactor 
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Figure 9.  Spatial Distribution of Fast Neutron Flux along Diagonal Line 
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Figure 10.  Spatial Distribution of Thermal Neutron Flux along Diagonal Line 
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