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UDC 532.5+536.24 Seeing the significant increase in the number of nuclear power plants, as well
as models and modifications of nuclear reactors, it becomes important to find

MATHEMATICAL AND out/establish the advantages of certain plants. At the same time, designers face
COMPUTER MODELING a number of questions for which optimal solutions have not yet been found. At

nuclear plants, there is the largest turnover of financial funds and the smallest

OF THE FORMS gain in economy brings huge profits, but one should not forget about reliability
OF MULTI-ZONE and costs during the plant construction. This is a complex problem that is

solved at the design stage. Calculations of the reactor at the design stage make
FUEL ELEMENTS it possible to determine the main parameters of the active zone, temperature
WITH PLATES values, etc. Thermohydraulic calculation of the active zone of the reactor is

one of the cornerstones in justifying the safe operation of the nuclear power
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Introduction

Currently, it is very difficult to give an accurate forecast of the ways of further development of the
energy base of Ukraine, however, the issue of mathematical modeling of both physical processes in the fuel
cartridges of fuel elements and the fuel elements of non-standard form themselves still does not lose its rele-
vance. Fuel elements are classified according to various features: reactor type, coolant parameters, reactor
purpose, design, etc. Judging by the classification of fuel elements, their diversity is impressive [1-3]. If only
the geometric features are considered, then there are block, rod, ring, tubular, plate, and spherical fuel ele-
ments. Block and rod ones are cylinders, the former have a relative length //d measured in tens, the latter — in
hundreds. Ring fuel elements flow around on both sides, and tubular ones - only from the inside. Some fuel
elements are made twisted, thanks to which their self-distancing is ensured. Fuel elements with longitudinal
finning (including helical) and straight and helical plates are designed. All of the above creates difficulties in
the production of fuel elements of non-standard shape. One of the new technologies that has recently gained
popularity is 3D printing, which makes it possible to create three-dimensional models of any objects with the
help of special equipment - a 3D printer. 3D printing technology is based on the technology of layer-by-layer
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"growing" of solid objects from different materials. Three-dimensional models are printed from plastic, con-
crete, hydrogel, wood, metal, and even from living cells. The process of printing on a 3D printer consists of
several stages. The first stage is preparatory, during which a computer 3D model of the object to be printed is
created. It is possible to create such a model in a 3D modeling program. Once the virtual model is created, it
needs to be converted into a set of instructions for the printer, i.e. generate G-code and then start printing. 3D
modeling allows to create a three-dimensional model of any object on a computer and, with the help of a 3D
printer, obtain a full-fledged physical object that meets the specified parameters.

An important issue in the implementation of 3D printing is the construction of mathematical models
of objects [4-8], which is considered the central stage of research or design of any system. All further analy-
sis of the object depends on the quality of the model. The model should be sufficiently accurate, adequate,
and also convenient to use. In the course of the analysis of mathematical modeling methods, it can be con-
cluded that the R-function method, developed by academician V. Rvachev [4], is a universal method of cre-
ating three-dimensional models, and that is why it is used in the paper. Previously, the thermohydraulic cal-
culation of fuel elements cartridges with violation of the rods packing symmetry was considered [8]. Con-
structive means and algorithms of the R-function method for mathematical and computer modeling of the
combined problem of convective heat transfer in fuel elements grids were improved, and the influence of the
packaging type and the cartridge shape on the velocity and temperature fields was studied [8]. The R-
function method turned out to be quite convenient for constructing equations corresponding to geometric
objects with translation symmetry along a straight line, line segment, with various options of cyclic symme-
try, etc. Analytical notation and, therefore, the possibility of introduction of literal parameters into the logical
formula allow to quickly and sometimes significantly change the shape of the projected geometric object.
The positive property of the constructed function at the interior points of the object is useful in 3D printing.

The aim of this paper is the application of new constructive means of the R-function method for the
development of mathematical and computer modeling techniques of multi-zone fuel elements with longitu-
dinal finning and helical plates for their further implementation on a 3D printer.

Main part
R-operations  of  {R,} systems and  superpositions  with  periodic  functions
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Multi-zone fuel element; longitudinal finning with helical plates

p:w/x2+y2 ; G:arctgz; H=0%no/2; n = 8 Z(—l)k+l—5in[(2k_l)ﬁ]; (P=%;
X

n*no, = 2k -1) no,

2
(le _2)1 _ SJ’12 >0
0.56> 02>

SX, =pCOSL,; Sy, =psinp,; ol=2>-x*—y*>0; 022=mlv,1-

xs=xcos((p/3)+ysin((p/3); ys=yc0s((p/3)—xsin((p/3); ps =+ x5 + ys* ; 9s=arctg£;

Z(_l)kHM; {sxzrcosM.

=0s*no,/2; nu= .
m 2 H P (2k-1) sy =rsinp

n*no,
olop = (0.12 - syz)/\0 sx(4-sx)>0;

®, =0y, Vy0lop>0; oc=x"+y*-0.5*>0; ot = ((0)2/\0(7.52 —22))/\0 oc =0 (Fig. 1).

ISSN 2709-2984. Ipobnemu mawunobyoyeanns. 2022. T. 25. Ne 4 33



APPLIED MATHEMATICS

l‘

no=18, no,=3, nos=10

l’ ' ‘l

!|

no;=18, no,=6, nos= 12 no;=18, no,=3, no;=6 no,=24, no,=5, n036 no,=10, no,=10, n0310

Fig. 1. Fuel elements with longitudinal shells finning and helical plates
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Fig. 2. Fuel elements with helical shells finning and straight plates

Multi-zone fuel element; helical finning with straight plates
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Multi-zone fuel elements with chevron finning and straight plates
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Fig. 3. Fuel elements with chevron shells finning and straight plates

Stacked rectilinear fuel elements with helical plates
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Fig. 4. Stacked rectilinear fuel elements with helical plates

Figures 1-4 show the visualization of constructed mathematical
models of fuel elements with finning and plates in the RFPreview sys-
tem [8], and Fig. 5 shows fuel elements models made on a 3D printer.

Conclusions

The creation of mathematical models for the implementation of
3D printing of fuel elements of non-standard shape is of considerable
interest, which is connected with the active implementation of 3D print-
ing in various industries. The advantages of using 3D printing are obvi-
ous: production of non-standard models, reduction of time for creation
of new prototypes, simplicity and low cost of production, use of modern
ultra-strong materials. In this paper, the R-function theory is used for Fig. 5. Fuel elements models
mathematical and computer modeling of non-standard fuel elements in made on a 3D printer

the implementation of 3D printing technology. The sequential construction of the equations of the longitudi-
nal, polyzonal and chevron finning of the fuel elements shells allows to track the process of algorithm com-
plication due to the corresponding superpositions in the main equation, the form of which does not change.
This is one of the examples of the advantage of analytical identification of geometric objects implemented
using R-functions. The reliability of the obtained results, their adequacy to the designed objects are con-
firmed by visualization both under the operating conditions of the RFPreview program and by implementa-
tion on a 3D printer. Analytical notation of designed objects allows to use literal geometric parameters, com-
plex superpositions of functions, which, in turn, allows to quickly change their structural elements.
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MartemaTn4He i KOMII’I0TepHe MoJeI0BaHHA ¢opm 6arato3onHux TBEJIiB i3 nuacTunamu
'K. B. Makcumenko-Illeiiko, ' T. I. Illeiiko, > JI. O. Jlicin, ' H. /1. IeTpenko

'TaeTuTyT MpoGiem MammHOOY yBanss iM. A. M. Ilizroproro HAH Ykpaiuu,
61046, Ykpaina, M. Xapkis, By:. [loxkapcbkoro, 2/10

* XapkiBchKuii HajoHanpHuiT yHiBepeuteT iMeni B. H. Kapasiua,
61022, Ykpaina, M. Xapkis, Maiinan Coboau, 4

YV 36’a3Ky 3 cymmesum 3pocmanHam KitbKOCmi amoMHUux CmaHyil, a makodic mooenei i Mooughikayii a0epHux
peakmopis, 8axciugocmi HAby8ae 3 ’ACY8AHHA/BCMAHOBNEHHS Nepesaz mux abo HWUX YCMAaHO80K. Y moil dce uac nepeo
KOHCIMPYKMOpamu NOCMAE HU3KA NUMAHb, 071 AKUX ONMUMAIbHI PilueHHs éce uje He 3HatideHo. Ha amomnux cmanyisax
i0e Habinbwuil 0bepm QIHAHCOBUX KOWMIE | HAUMEHWUN 8Uepaul 8 eKOHOMIYHOCMI NPUHOCUMb BeUYe3Hi NPUOYmMKU,
00HAK He MOJICHA 3a0yeamu npo HadiuHicme i sumpamu npu Oyoienuymei ycmanoeku. Lle ckiadna komniekcHa 3adava,
KA sUpiuyemocsa Ha cmaodii npoekmyeanna. Pospaxynku peaxmopa na cmaodii npoekmysanHs 003601A10Mb BUSHAYUMU
OCHOBHI napamempu aKmusHoi 301U, 3HAYeHHs memnepamypu ma iH. Tenno2iopasniunull po3paxyHoK aKmusHoi 30HU pea-
KImMopa € 00HUM 3 HAPIJICHUX KaMeHie 8 oorpyumyeanni besneunoi excnayamayii AEC. Pospaxynxu napamempie meniono-
cis U memnepamyp menio8UOLIAIOYUX eeMEeHMI8 NPOBOOMbC HA BCIX CMAOIAX NPOEKMYBAHHS Ul 008eOeHHs Oe3neKu
SA0EePHUX eHepeemUYHUX YemaHno8oK. [[na 30invuients eghekmuenozo Koeiyicnma mennonepeoayi 8 mexHiyi WUpoKo 6u-
KOPUCIMOBYIOMbCSL CKPYUeHi mpyou il opebpeni menionepedaroyi nogepxui. 3oxkpema, 01 opebpenns oboronox TBEJIie
SO0EPHUX Peakmopie i 306HIUHIX NOBEPXOHb MPYO NAPOeHepamopie 3acmoco8yioms NO3006MHCHI, NONePeyti, CRIPAIbHI
pebpa. Opebpenns e minbKu 30i1bUYE NOBEPXHIO MENI00OMIHY 3 Mo2o DOKY, 0e Koeiyichm meniogiooayi Mac HU3bKe
3HAUeHHs, a U NOMIMHO 6NAUBAE HA 2IOPOOUHAMIKY NOMOKY, a MUM camum i Ha yetl koeghiyicnm. OuesuoHo, wo 4um Kpa-
e nepemiuyemobcsi cepedosuiye 8 OCHOBHOMY NOMOYL U Y MIdCpeDepHUX 3a30pax, mum euwull Koegiyicnm meniogiooaui.
Hatigueioniwumu gpopmamu opebpenns obononox TBEJIi6 € wesponne i nonizonanvie opeopents, SKi 6UKOHYIOMbCS Y
suenadi 6aeamo3axoonoi cnipaii 3 geauxkum kpokom. Teopis R-@hyHKyiil euseunacsi 00CmMamHubo 3py4Holo 071 no6yoosu
Mamemamuunux mooeneu opedopenux obonronox TBEJIi6 i3 npamumu ti 28uHMOSUMU NAACMUHAMU, A MAKOHC OJis1 N0OYO08U
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Ha 3D-npunmepi 8i0nogionux 06 'ckmie. 13 npakmuyHoi mouxu 30py aKmyanbHiCmeb 3a0a4i MAKONHC USHAYAEMbCSA CYMME-
BUM NOWUPEHHSIM CKPYYEHUX YUTTHOPUYHUX ML, CKPYYEHUX KAHATI8, 3MILIOGUKIE 6 eHepeemuyi, XIMIUHIL, HApMmOosIll, 2a3o-
6ill, MeManypeiliHiti 2any3sax nPOMUCIO80CI U Y MENTOMEXHIUHOMY YCmamKyeanHi. [lomoxu, aKi UHUKAIOMb NPU YbOMY,
0aroms MONCIUGICMb IHMEHCUGDIKY8AmMU NPoYecu MenioMacoobMIHY il 00Csiemu eKOHOMIT eHep2emMUYHUX pecypcis.

Knrouoei cnosa: obononku TBEJIis, TBEJIu i3 wedponnum i noaizoHaibHum opeopenHsm, meopis R-gynxyil,

3D-npunmep.
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