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ABSTRACT 

The report presents results of calculations of flow of ideal fluid through a central region 
of e nuclear reactor wire-spaced fuel subassembly by means of the finite element method, A 
brief description of computer programs is also Included. 
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1. INTRODUCTION 

In the Refs. til, t2], possibilities of discretization of flow section or a nuclear reactor 

wire-spaced fuel subassemblies were outlined. In Ref. (3), a detailed description of 

computer programs and data for generation of the proposed macroelements and the final 

spatial meshes were presented. Ref. (41 c-ntains the first results of calculations of flow 

of ideal fluid through the central region of a fuel subassembly. In all tĥ si» rsnnrts. rh*-

isoparametric, three-dimensional quatl.-jM,. cI?;r/.T.r '.:.. L ••.!1;:̂  Irs degí-.itít ated torus is used. 

In the present report, flow of ideal fluid through a central part of a fuel subassembly is 

again solved. In comparison to Ref. [4], the approximation of geometry by the finite 

elements was made more accurate by their subdivision into smaller spatial regions. 

The first part of the report deals with discretization of flow section, the second part 

contains formulation of boundary value problem and solution procedure. In the next part, 

the computer programs generating the spatial meshes, solving the governing equations and 

displaying the results ire briefly described. 

2̂ _ FLOW SECTION DISCRETIZATION 

2.1. Spatial macro elements 

As mentioned in Ref. [11, the flew section of a nuclear reactor wire-spaced fuel 

subassembly central region can be discretized by means of ten types of macroelements (see 

Fig. 1) both in the case, when the gap between the wire and the opposing fuel pin is 

respected and in the case, when the gap is neglected In the report presented the gap is 

neglected and the elements', described in CD, were subdivided in both azlmuthal, radial and 

axial directions by symmetry planes (in reference space) so that their number is now 

eight-times higher, AS has been already mentioned, the discretization of the flow section 

contains beside the basic isoparametric three-dimenslonaj quadratic finite element all its 

degenerated forms. The shape of these elements and nur,iberlng of nodes is shown *.n Fig. 2. 

The resulting macroelements are shown In Fig. 3. 

2.2. Assemblage of the macroelements into the final mesh 

By means of rotation and translation, the Individual macroelements can be moved from the 

basic position into their final position and Joined into the final mesh. A5 an example, two 

layers of macroelements are shown in Fig. 4a, b. By connecting of the individual layers it 

is possible to create the final spatial mesh. 

3. Formulation and solving the boundary value problem 

In order to solve tlv boundary value problem for an infinite regular trlangu'.ar bundle of 

fuel pins such minimal region will be selected that the solution In the whole infinite 

domain will be simple repetition of solution In this mininal region 

Based on this requirement, the region with cross section shown in Fig. Ъ w',11 be selected 
on the condition that in the axial direction '.he region will comprise rotation of the 
spacer wire by i.SO deg (that is, the region will comprise 12 layers of macroelements). 
Grouping of the macroelements must be performeo. in such a way, that: 
- the elements in section I-I* and II-H' have mutually corresponding side walls; 
- the bottom plane of the first layer of elements corresponds to the top plane of the 
twelfth layer of macroelements rotated by 180 deg. 
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Application of the cyclic boundary condition in all these sections, leads to a sufficient 
гншЬег of boundary conditions for solving the problem. 

To avoid complications with the cyclic boundary conditions at the lowest and the highest 
planes (that is for p = 0, z=o, and *>=180, z=2]8(.), the following procedure is used: 
a) The boundary value probit» In the domain shown in Fig- 6a is solved, that Is, the case 

of rotation of the wire spacer in the range OáysiBO with the Dirlchlet boundary 

condition for potential Ф at the boundary <p=0, that is, z»0, in the for»: 

•=$ =constant=l 

and the Dirlchlet boundary condition at the boundary v^ieo, that i s , z=z _^. in the 
for»: 

^=$ =constant=3 . 

b) on the basis of result of computation at the section corresponding to rotation of the 
wire spacer by ?«90 deg, the boundary value problem in the domain shown in F'g. 6b is 
solved. The distribution of potential <p at the section corresponding to *>=oo deg is then 
used as the Dirichlet boundary condition for the lover boundary (z=z„0> end the 
distribution of ф increased by йф=г is used as the Dirichlet boundary condition for the 
section z=Z-_0, corresponding to rotation of the wire spacer by 180 deg, that is, for 
the section ^-270 deg. 

c) Then the boundary value problem in solution domain shown in Fig. 6a is solved and the 
Dirichlet boundary condition is constructed similarly to b). 

d) Results of calculations have shown, that three iterations were sufficient for satisfac
tory accurate solution (relative error <10 ). 

e) The results obtained were transferred into the final spatial mesh representing rotation 
of the wire spacer in the range os<ps360 deg. 

4. RESULTS OF CALCULATIONS 

Calculations were performed for relative pitch 

s/d»l.1667 

and for the wire spacer relative axial pitch 

h/d-7. 0. 

The distribution of potential * obtained in the calculation was used in calculation of 
velocity components by means of Well-known formulas 

9x ' 

ay 

W-2É- . 
9Z. 

Since the discretization of the 

It is not possible to calculate 

menta (for some combinations of 

solution domain contains a number of regenerated elements, 

the derivatives of potential Ф in some nodes of these ele-
lndependent variables ?, n, and < the Jacob!an of trans-
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formation is zero at ?«±1, 1-±1, <"±1>. The derivatives were therefore calculated at 
points, "near" to the nodes for values of the independent variables l<|=e, |nl-c. and 
K|««, where the parameter с attained the values 

O.a, 
0.9, 
0.95, 
0.99. 

In the given range of the parameter e the effect of this parameter on the calculated 
derivatives, that is the velocity component >, was negligible. 

The results of calculations are presented in Pigs. 7 to 10. In Fig. 7, the velocity vectors 
at nodes for two layers of macroelements are drawn. An idea on complex flow at the vicinity 
of the wire spacers can be obtained in Pig. 8, where the streamlines originating in five 
points at the symmetry axis between the rods are shown. For the sake of clarity, the 
calculation was performed for only two layers of macroelements and for three directions of 
view ((*) - ̂ =10 deg, (b) - *«55 deg, <c) - *>=110 deg). In Fig. 9a, tlvs ground plane of the 
trajectories originating in three characteristic points of triangular bundle is drawn. In 
Fig. 9b, the ground plane of a trajectory originating in a generally situated point is 
shown. It is obvious, than with the wire spacer rotated by 360 deg, the end of the 
trajectory in the ground plane would be Identical with the origin. This requirements is met 
only approximately. 

In order to evaluate the results of calculations from the point of view of integral charac
teristics a calculation of cross flow through the elementary flow cell boundaries caused by 
the wire spacers was performed. In Fig. ю the ratio of flow rates w given by the relation
ship 

where Q. is the transverse volume flow rate through the gap between the fuel pins, the Oi | 
is the longitudinal (vertical) volume flow rate through the region investigated. 

With the aim to assess the cross flow the limiting value representing the flow exactly in 
the direction of the wire spacer is also displayed in Pig. 10. It is obvious, that the 
relative volume cross flow is lower than one third of the limiting value. 

5. BRIEF DESCRIPTION OF COMPJ/TER PROGRAMS 

5.1. Programs for generation and drawing of the spatial meshes 

For generation of spatial meshes and drawing these meshes in orthogoral axonometry, nine 
programs were developed with functions as follows. 

Program SIT IS 

The program controls the data of the macroelements: reads data on coordinates of nodes, 
checks them and calculates the coordinates by means of a number of programmed procedures; 
also reads data on destination of nodes to the individual elenwn.ts including the 
characteristics of given elements. The individual elements including numbers of nodes are 
plotted by a plotter In ort.iogonal axonometry. To make the visual check easier, the 
individual elements can be plotted in mutually displaced positions 
The individual nodes can be prescribed directly by their coordinates or the coordinates can 
be calculated for the given section z«constant by means of the following procedures: 
1) The node is given as the point of Intersection of two straight lines originating i'i ->;i 

two given points under given angles. 



1) The node X - given «s the point of intersection of a straight line originating at a given 
point under » given angle, aiw a line, connecting two given points. 

3) The node is given as a point of Intersection of two straight lines connecting twc pairs 
of points. 

4) The node lies on a straight line connecting two points and the ratio of its distance 
from the first end point to the distance from the other end point is given as a ratio of 
two numbers. 

5) Coordinate* of the node are < -lculated by means of local polar coordinates with origin 
at a given point. 

6) Coordinates x,y of a node are transferred in о another section. 
7) Coordinates of a group of nodes (x^, y.) are transferred into another section. 
8) The node lies on a straight line connecting two points and the ratio of its distance 

from the first end point to the distance between the end points is given by one number. 
9) Polar coordinates of the given node ar* calculated from its Cartesian coordinates and 

prescribed polar coordinate frame. 

This set of calculational procedures is supplemented with ne possibility to prescribe the 
section level z«constant and its change. 

Program S I T 32 к 

The r>«-cgram has the same input data as the program SIT 32 and also checks the prescribed 
macroelements. With regard to the fact that the elements used include all degenerated forms 
of the basic Isoparametric quadratic finite element the situation when the mapping from the 
Í. П, К space into the x, y, z space becomes singular is not excluded. The program 
therefore calculates Jacoblan in all Causs numerical Integration points for all sub-
elements of given macro element. 

Program SIT 32 S 

The program has the same input dot* as the preceding programs; calculates coordinates of 
nodes and stores them in a file for use by other programs. 

Program S I T 32 ss 

The program reads the data in a file, rotates and translates the macroelements on the basis 
of the data and forms the final spatial mesh for the given layer. The final data are stored 
In a file. 

Program SIT 32 sss 

The program performs connection of the individual layers of macroelements generated by the 
program SIT 32 SS into the final mesh for solving the boundary value problems. 

Program KRES 31 SS 

The program draws the spatial mesh in orthogonal axonometry. 

Program ie 3J. SIT 

The program modifies the data for the spatial mesh with regard of utilization of cyclic 
boundary condition on the side walls of the spatial mesh. 
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Program KŘES 32 S 

The program draws the final aesh for solving the boundary value problem in orthogonal 
axcoometry. 

Program KREJ 32 R 

The program <*raws a section of the final spatial mesh for given value z and numbers the 
nodes. 

5.2. Programs for solving the governing equations 

Program ID HHHl 

The program solves the given boundary value problem, that is, solves the resulting system 
of linear algebraic equations (including the Integration over the individual elements). The 
intermediate results are stored for further utilization by other program. 

Program ID 31. HHH3 

The program uses the intermediate results of the preceding program and solves boundary 
value problem for another values of boundary conditions. 

Program ID HHM4 

The program transforms the results of solution of boundary value problem in the domain 
corresponding to rotation of wire spacer from *>»o deg to «>»180 deg (see Fig. a) Into the 
whole domain corresponding to wire rotation by 360 deg. 

Program ID 31 PRP 

The program performs repeatedly calculation of derivatives of potential Ф (tr-t is, 
velocities) for given parameter e (0.8, 0.9, . . . ) . 

Prograa ID 31 TNT 

•'Tie program calculates axial flow rate and the area at the inlet of the given region. 

5.3. Programs for graphical output 

Program KRES 32 s 

The program draws the spatial mesh and flow of ideal fluid in orthogonal axonometry in the 
form of velocity vectors at nodal points. 

Program KRES 33 s 

The program draws the spatial mesh and streamlines, originating in prescribed points in 
orthogonal axonometry. 
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Program KŘES 33 SS 

The program draws a portion of tře spttial mesh and streaollnes. originating in Prescribed 
points in orthogonal axonometry. 

Program KŘES ?J PP CKRES 33. Р Ш 

The program draws the ground plane of the spatial wih and the streamlines, originating in 
prescribed points. 

«к_ COHCLUSIOH 

The report presents the results of calculation of flow of ideal fluid through a central 
region of a nuclear reactor wire-wrapf""*1 fuel subassembly. Future work will be directed to 
flow through the peripheral region and the flow of viscous fluid. 
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Fig. 9b 
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Fig. 10 
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