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Using a user—defined function in Ansys Fluent
to implement the energy release profile in model fuel elements
taking into account radiation heating

The paper presents a model of an experimental device tested on the complex of impulse graphite reactor of
the Branch IAE RSE NNC RK, designed to study the possibility of changing the neutron spectrum of the
reactor from thermal to fast. At the stage of preparation for testing, a series of neutron-physical studies
were carried out using the MCNP. The purpose of these studies is to determine the specific energy release
both in the model fuel elements and in non-fuel structural elements of the experimental device during their
radiation heating, taking into account the thermal state of the reactor core. After that, the obtained data are
used as initial conditions for development of user-defined functions and conducting thermophysical calcu-
lations to determine the distribution of the temperature field in the tested device, the ANSYS Fluent soft-
ware package. The method for calculating the specific energy release in non-fuel structural ele-
ments during their radiation heating in the impulse graphite reactor, considering its thermal state, has been
used relatively recently. It requires a special approach to the implementation of the required energy release
profile when carrying out thermophysical calculations in the Ansys software. The paper also illustrates the
advantages of using a custom function in Ansys Fluent to define the profile of the energy release in model
fuel elements and structural elements of an experimental device depending on time and height. In addition,
the results of a thermophysical calculation of the experimental device for determining the distribution and
maximum values of temperature in fuel and non-fuel structural elements are presented.

Keywords: user—defined function, Ansys Fluent, radiation heating, energy release, fuel elements, experi-
mental device, impulse graphite reactor, thermophysical calculations.

Introduction

The object of research is model fuel rods and structural elements of an in-reactor experimental de-
vice [1]. Earlier, in [2], the results of computational studies to substantiate the technology of testing this
experimental device were highlighted.

The aim of the work is to demonstrate the methodology for specifying complicated profiles of ener-
gy release in model fuel rods and structural elements in the Ansys Fluent software.
The tasks of the work are as follows:

— processing and preparation of the results of neutron-physical calculations;

— preparing a user-defined function for profiling the energy release in model fuel elements and struc-

tural elements;

— checking the function and initializing the thermophysical calculation.

Figure 1 shows a model of an experimental device created in the SolidWorks software. The device
includes an ampoule, a test section and a trap. The ampoule consists of a body and a lid. The trap protects
the ampoule from possible mechanical and thermal effects. The main elements of the test section are the
upper and lower fuel rods, which are cooled with nitrogen. The center of the lower fuel rod coincides with
the reactor core center (RCC), and the center of the upper fuel rod is at the level of +800 mm from the
RCC.
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Figure 1. Model of the experimental device: a — general view, b — upper fuel rod, ¢ — lower fuel rod,
1 —ampoule lid, 2 — ampoule body, 3 — ampoule cavity, 4 — test section, 6 — fuel, 7 — nickel indicator, 8 — fuel cladding,
9 — fuel rod cooling tract, 10 — inner shell, 11 — heat shield, 12 — cadmium absorber, 13 — outer shell

Results and Discussion

According to the conditions of the performed neutron—physical calculation, the reactor power is 5.2
MW, the diagram duration is ~ 1000 s, and the integral energy release in the reactor is ~ 5.2 GJ. Taking into
account the limiting test mode and the absence of melting of nuclear fuel in the experiment tasks, obtaining
accurate estimates of the temperature field is a priority goal of the calculations.

As a result of a neutron-physical calculation carried out in the MCNP program, a reactor power change
diagram during the test was obtained, also, the values of the specific power of energy release in the elements
— fuel, fuel cladding, inner and outer shells, heat shield and cadmium absorber when they are heated by ra-
diation [3]. The calculations took into account the reactor core heating and the effect of the delayed power on
the increase in energy release in the fuel and non-fuel structural elements. The markup, considering this ef-
fect, can reach 50 % in structural elements, which can lead to undesirable consequences, such as local over-
heating, especially in structural elements with a low melting point.

Each element of fuel rods is divided into 10 parts by height (numbered from top to bottom) and has its
own specific per-second diagram of the specific power change in accordance with the reactor power diagram
change. For example, Figure 2 illustrates a diagram for nuclear fuel.
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Figure 2. Diagram of the change in the power of energy release in the fuel:
a — upperfuelrod; b — lower fuel rod

The maximum specific power change of energy release in the structural elements of the fuel rods is in-
dicated in Figure 3. The cadmium absorber is strongly exposed to radiation heating, and its specific power
diagram change is shown on the auxiliary axis on the right. These values are in the range from 2.5 till
3.2 W/g.
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Figure 3. The specific power change of energy release in the structural elements:
a — elements of the upper fuel rod; b — elements of the lower fuel rod

To implement such a profile of energy release without using a custom function, it is necessary to divide
the considered elements by height into a predetermined number of parts at the stage of developing a compu-
tational thermophysical model, and also, to take into account the distribution of energy release over time
when performing calculations. This procedure makes thermophysical calculations a laborious process.

The application of a user-defined function in Ansys Fluent software consists in preparing it, using the
C ++ programming language commands and compiling it in Ansys Fluent. Figure 4 shows the general struc-
ture of this function.

In the user-defined function, an array of element coordinates by height is set, dividing into the required
number of parts, arrays of the energy release values of elements for these coordinates, which are read by the
program at certain intervals, set in a separate array according to the reactor power change diagram.

The function also specifies arrays of energy release values in other structural elements of fuel rods —
inner and outer shells, heat shield and cadmium absorber.

Next, in the Ansys Fluent software, one needs to import the mesh model, compile the user-defined func-
tion and specify the boundary conditions. In the elements where it is necessary to set the energy release, we
select the corresponding function from the list (Figure 5). By default, the software allows to set a constant
value for the volumetric energy release.
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DEFINE_SOURCE (eoplive, ¢, t, 43, &qm)
=11
real x[ND ND],Bt,WE,ftime:
inc 1,T len:

real T[1= |
real Wi[j= |
real W2ll= |
real Wifl= |
real W4[]= {0.00L
real Wi[l= (°
real Well= |
zeal Will= {
real WE[]= |
real Wa[]= {0.001
real Wl0[l= {0.0012¢

real Z[}={-0.150, ~0.120, ~0.080, ~0.060, =

array of time points

array of energy release
values

array of height points

ds[eqn] =

T_len=sizeol (T)/sizecl (T["1):

C_CENIROID(x,c,t) ;

Ht = x[7]1;
frime = RP Get Real("flow-time™):
iF ((Ho=Z[0]) k& (3T <=Z[ 1))

-

for{i=1;i<=T_len;iss}
{if (frime<T[1i])
(if{frime>=T[1-11}) [

1

{WT = W10[i-1] * (ftime = T[i-1]) ¢ (T[i] = T[i-1]) * (WLO[i] - WLO[2-1]);)

using a loop to select t.he
required energy release value
from an array

Figure 4. The general structure of function
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After that, one needs to initialize the calculation. Considering the obtained calculation results, we can
judge the final operability of the function. At the stage of performing a function, its operability can also be
checked in a separate external compiler, for example, DevCpp.

As a result of the thermophysical calculation results, the maximum temperature diagram change of the
fuel and structural elements during the experiment was obtained (Figure 6). The maximum temperature of
the elements is observed at ~ 990 s, which corresponds to the moment of reactor “shutdown” according to
the diagram of the experiment. The fuel temperature of the upper fuel element reaches 618 K, the lower one
— 475 K. The dynamics of changes in the maximum value of the element temperature (Figure 6a) after 700 s
from the beginning of the experiment diagram grows due to the heating of the reactor core, leading to an in-
crease in the energy release in the experimental device elements. This property was taken into account when
developing a user-defined function for a more accurate and closer to real conditions calculation, therefore,
the energy release profile depending on time is set correctly. The temperature distribution of the elements
relative to the reactor core center (RCC) at 990 s from the beginning of the experiment diagram
is demonstrated in Figure 7. At this moment, the experimental device elements have different temperatures in
height relative to the RCC, which indicates an uneven distribution of energy release along the height and the
operability of the user-defined function. In the performed calculation, the mass flow rate of
the cooling nitrogen was 2 g / s for each fuel rod.
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Figure 6. The maximum temperature changing of fuel and structural elements: a — upper fuel rod; b — lower fuel rod
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Figure 7. Temperature of fuel and structural elements relative
to the RCC at 990 s from the beginning of the experiment diagram

Conclusions

The paper considers a model of an experimental device designed to study the possibility of changing the
neutron spectrum of the impulse graphite reactor from thermal to fast. To carry out a thermophysical calcula-
tion in the ANSYS Fluent software, closer to real conditions and taking into account the reactor core heating
during the test, a user-defined function was developed. Based on the results of the thermophysical calcula-
tion, a diagram of the maximum temperature values change in the fuel and structural elements of the device
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was obtained. Changes in the maximum temperature of the elements have shown full operability and ap-
plicability of user-defined functions for modeling and setting complex profiles of energy release in model
fuel elements with a distribution by time and height.

The developed user-defined functions will be used in subsequent computational studies to assess the
thermal state of other experimental devices, and can also find their application in other engineering calcula-
tions, for example, in aecrodynamic and electromagnetic [4—6].
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Mopenbaik AKbLTyIBIFAPFBILI 3JIeMEHTTEPiH/Ieri JHeprus MWbIFapblIy KeCKiHiH
iCKe achIpy YIIiH pajuanusiJIbIK KbI3YbIH ecelKe aja oTbIpbin, AnsysFluent
O0arapjamMachIHIArbl NAHAAIAHY Bl QYHKIUACHIH KOJIAHY

Makajia HMIIYJIbCTIK TrpadUTpeakTopAblH HEHTPOHIBIK CIEKTPIH IKBUIYJBIKTaH ILAIIIAHFA ©3TepTy
MYMKIHJIIriH 3eprreyre apHamraH koHe KP ¥5O PMK «AToM SHeprusicsl MHCTHTYTBD (DHIIMAIBIHBIH
HMITyJIbCTIK TpaUTPeakTop KeUIeHIHAE ChIHAJIFAH OSKCIEPUMEHTTIK KYPBUIFBIHBIH MOJET KOpCEeTUIreH.
CeiHayra naiieiaaay Gapeiceiina MCNP Garnmapiamanblk KOJBIH KOJAAHBIN, KONTEreH HEHTPOH-(PU3NKAIIBIK
3epTTeysep MEH ecenTep OTKi3inai. 3epTTeyiepliH MakcaThl KbUTYLIBFAPFBILI 3JIEMEHTTEPAIH SIPOJIBIK
OTBIHJAFBl JKOHE OTBIHCBI3 KOHCTPYKTHBTIK 3JIEMEHTTEPAIH pPaJHalusiIbK KbI3y Ke3iHOe HMITYJIbCTIK
rpadUTPEaKTOPIbIH JKbULYJIBIK KYHIH €CelKe alyMeH MEHIIIKTI 3Heprus LIbFapbUIybIH aHBIKTAY OOJIBIIN
TaObUTaABl. AJIBIHFAH MOJIMETTEp/iH OacTanmkel IIapTTaphl MainalaHymbl (YHKOWSICHIH o3ipiey >KoHe
CBHIHAJIBIN JXKAaTKaH JKCHEPUMEHTTIK KYPHUIFBIHBIH TEMIIepaTypa OpiciH aHbIKTay MakcaTbiMeH AnsysFluent
OarapraMalnblK  JKacaKTaMAachIHIA OTKI3UICTIH JKBITy(QH3MKaNbIK ecentepie KoymaHbutagsl. OTBIHCEHI3
KOHCTPYKTHBTIK JIEMEHTTEPAIH HMITYJIbCTIK IpadUTpeakTophlHIa paJualysUIBIK KbI3y Ke3iHJe KoHe ne
PEaKTOPIbIH KBUTYJBIK KYHiH ecelke anaThlH, MEHIIIKTI YHEPrHs LIBFAPBUIYBIH CaHAy oicTeMeci KeHiHri
yakpITTa KongaHbula Oactanran. Oran  AnsysFluent Oarmapiamanbik kacakTaMachlHOa —©TKI3LIETiH
KBUTY(DH3HUKANIBIK €CeNTepae KePEeKTi SHePrHs LIBIFAPbUTy KECKiHIH iCKe achIpy YIUiH jKEKe TOCLIIeMe KaxKeT.
CoHbIMEH KaTap, Makajaja OKCIHCPUMEHTTIK KYPbUIFBIHBIH MOJENBAIK JKbUIYIIBIFADFBILI  KOHE
KOHCTPYKTHBTIK 2JIEMEHTTEpIiH/Ie yaKBITKA )KOHE OMIKTIKKE Toyeli MCHINIKTI SHEeprHs IIBFaphLTy KeCKiHiH
Ansys Fluent 6argapiamacbiHia KOO YIIH HaliAaaHymibl (yHKIUSIIAPBIH apTHIKIIBUIBIKTapEl KOPCETUITCH.
MynaH 06acka SKCIIEPUMEHTTIK KYPBUIFBIHBIH OTBHIHABI XXKOHE OTHIHCHI3 KOHCTPYKTHBTIK 3JIEMEHTTEpiHIH
TeMIepaTypa yJecTipiMi >KoHEe OHBIH MaKCHMyM MOHIH aHBIKTAy VIIIH OTKI3UITeH IKBUTYy(QHU3NKaJIBIK
ecenTeyAiH HOTHXeNepi KeNTipiireH.

Kinm cesoep: maiimanmanymsl ¢yHkuusicl, Ansys Fluent, paamanusnblK KpI3y, SHEprus IIBIFAPbUIYHL,
JKBUTYLIBIFAPFBI IEMEHT, SKCIEPUMEHTTIK KYPBUIFBI, MMITYJbCTIK IpadUT peakTOpbl, *KbUTy(DH3MKAIbIK
ecenrey.
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IIpumeHnenune nmojb3oBarTeibckoil ynkuun B Ansys Fluent
AJISL peau3annu nNpoguis JHeProBblIeIeHUs] B MOJIeIbHBIX TBIJIAX
€ YYeTOM PAJAHALMOHHOI0 Pa3orpesa

B crartee mpencraBieHa MOJENb OSKCHEPUMEHTAIBHOTO YCTPOMCTBA, HCIBITAHHOIO HA KOMIUIEKCE
UMITyJIbCHOTO rpaduroBoro peakropa ®ummama MAD PITI HAL PK u npenHa3HaueHHOro AJs M3yd4CHUs!
BO3MO’XHOCTH W3MEHEHHS CIIEKTPa HEUTPOHOB PEaKTOpa U3 TEIJIOBOrO B ObICTphIH. Ha sTame moaroToBku
HCTBITAHUSIM TIPOBEJICH Psl HEUTPOHHO-QU3MUYCCKHX HCCICAOBAHUI ¥ pAcyeTOB C HCIOJIb30BaHHEM
nporpammHoro koga MCNP. Ilensto uccienoBanuil — onpezeseHre yJIeabHOTO SHEProBbIACICHHS KaK B
TOILTMBE MOJICIIBHBIX TBAJIOB, TAK U B HETOILIMBHBIX KOHCTPYKTUBHBIX JIEMEHTAX SKCIEPHUMEHTAIBHOTO YCT-
poiicTBa B mpolecce uX pagraldoHHOI0 pa3orpeBa ¢ y4eToM TEIIOBOIO COCTOSIHUSI aKTUBHOM 30HBI peakTo-
pa. Ilocie yero mosydeHHble JaHHBIE OBIIIM MCIONB30BaHbI B KAUECTBE HAYAIBHBIX YCIOBUH IJIs pa3paboTKu
MOJIb30BATENbCKON (QYHKIMK U MPOBEACHUS TEIUIOQU3MUECKUX PACUETOB IO ONPEENICHUIO PACHpPEACICHHS
TEMIIePaTypHOrO MOJIsI B HCIBITBIBAEMOM YCTpoiicTBe B mporpammHoMm makere Ansys Fluent. Meronuka
pacyera yIENbHOTO SHEPrOBBIACICHHS B HETOIUIMBHBIX KOHCTPYKTHBHBIX 3JIEMEHTaX B MpoLecce HX
paAMalMOHHOTO Pa3orpeBa B pEakTOpe, ¢ YUETOM €ro TEIUIOBOTO COCTOSIHHS, MPUMEHSIETCS OTHOCUTEIIBHO
HelaBHO. DTO TpedyeT 0co0O0ro moaxoja K pealu3aludd HeoOXOAUMOro MpOo(WII SHEPrOBBIICICHHS MPU
MPOBEJICHAN TEIIOQU3NYECKIX pacdeToB B Ansys Fluent. B pabore moka3zaHbl mpenMymiecTBa
MOJTb30BaTeNbCKON QyHKIMH B Ansys Fluent mist 3amanus mpoQuis yAeIbHOTO SHEPTOBBIICICHHS B MOJICITb-
HBIX TB3JIaX M KOHCTPYKTUBHBIX 3JIEMEHTaX HCIBITAHHOTO SKCIEPUMEHTAIBLHOTO YCTPOWCTBA B 3aBUCUMOCTH
OT BpEMEHH M BBICOTHI. KpoMe 3TOro, mpuBe[eHbl pe3yibTaThl MPOBEACHHOTO TEILIO(YU3NUECKOrO pacuera
SKCHEPHUMEHTAJIBHOTO YCTPOWCTBA IO ONPENCNICHUIO PpACHpelesieHuss M MaKCHUMaJbHBIX 3HAYCHUH
TEMIIEPaTyphl B TOIUIMBE U HETOIIMBHBIX KOHCTPYKTHBHBIX 3JIEMEHTAX.

Kniouesvie crosa: nonp3oBarensckas ¢pyHkiusa, Ansys Fluent, paguanoHHslii pa3orpes, SHEproBbIICICHHE,
TBOJI, SKCIEPUMEHTAIBHOE YCTPOHCTBO, MMITYIbCHBIH IPaUTOBEIH PEaKTOP, TEIIO(PU3NIECCKIE PACUETEL.
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