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EFFECIENCY OF SIMULATING DECAY HEAT IN THE CORIUM OF A NUCLEAR REACTOR
BY THE OHMIC HEATING METHOD

Most commonly, in consequence of a severe accident at a nuclear power plant (NPP) followed by a
meltdown of the reactor core, corium is formed. Decay heat is one of the features of it and highly affects the
thermal field of the entire corium. Thus, taking into account the decay heat is a central to physical modeling
of severe accidents. For this reason, methods for simulating decay heat must meet at least two requirements
of physical modeling: intensity and uniformity of heating throughout the entire volume of the melt.

This paper provides studies on the efficiency of using ohmic heating as a method for simulating decay
heat in a corium prototype during experiments at the LAVA-B test-bench. Melt heating data using an ohmic
heater was obtained by computer modeling based on a software package ANSYS. To assess the efficiency of
using ohmic heating, the obtained calculation parameters were compared with the parameters of other
existing methods for simulating decay heat in the melt under similar conditions, such as induction heating and
plasmatron heating.

Key words: corium, LAVA-B test-bench, decay heat, ANSYS, ohmic heating method.
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AQponbIK peakTop KOPUyMbIHAAFbI Kanablk SHEPrUAHbI OMAbIK, Kbi3ObIpY 94iCIMEH MMUTAUMANAYObIH,
THimainiri

DAeTTe, peakTopAblH 6enceHai aitmMarbiHbIiH banKybiMmeH Bipre sKypeTiH aTom a1eKTp cTaHumackiHaa (A3C)
ayblp anaT cangapbiHaH Kopnym — B6anKblFaH AAPOJbIK OTbIH PEAKTOPAbIH KYPblAbIMAbIK MaTepuanaapbiMeH
apekKeTTecKkeHae nanga 6onaTbiH Kypaeni Kocna — naiga 6onaapl. OHbIH, cMNaTTaManapbliHbiH Oipi — ByKin
KOPUYMHbIH, *Kbl/ly ©piciHe alTap/bIKTal acep eTeTiH Kanaplk aHeprua 6eny 6onbin Tabbinaabl. Jemek, Kanabik,
SHEPrus LWbIFbIHBIH ecenKke afy ayblp anaTTapAbl GU3MKaNbiK MoAeNbAey MNpouecTepiHAe wewyli pen
atkapagbl. Ocbl cebenTeH Kanablk SHEPruaHbl UMUTaLUMANAY aicTepi dU3MKaNbIK MOAENbALYAIH KeM AereHae
eKi TanabblHa calkec Kenyi kepek: DafKbIMaHblH, OYKIN KenemiHAEer *KblyAblH KapKblHAbIbIFbIH KAMTamachl3
eTy »KaHe bipKenki Tapany.

byn makana LAVA - b cblHaK cTeHAZiHAeri 3KCnepuMMeHTTep KesiHae KOpym MnpoToTUniHAE blablpay
KbIYbIH MOoAenbAey a4ici peTiHAe OMAbIK Kbi3AblpyAbl NangananyaplH, TMIMAINIT Typanbl 3epTTeynepai
yCbiHaabl. OMAbIK KbI3AbIPFbIWTbI MNaiganaHbin  6anKkbpiMaHbl  Kbi3Abplpy Typanbl Aepektep ANSYS
bargapnamasnblK KanTamacblHa Heri3genreH KOMMbIOTEPAiK MoOAenbAey apKblibl anbiHAbl. OMAbIK,
KbI3AblpyAbl NanganaHyabliH TMiMAiNiriH 6aranay ywWiH anblHFAH ecenTey NapameTpaepi yKcac Kafgannapaa
6anKkbiMaza blablpay *KblAyblH MogenbaeyaiH 6acka aa 6ap agictepiHiH napameTpaepiMeH CanbICTblpblAAbI,
MbICa/bl, UHOAYKUMANDBIK KbI34bIPY KIHE NAa3MaTPOHAbI Kbi34blpy NpoLLeccTepi.

TyMiH cezaep: kopnym, JTIABA-B KOHAbBIPFbICHI, Kanablk aHeprmsa, ANSYS, omapiK Kbi3ablpy a4ici.
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3pPEKTUBHOCTb UMUTALLIMM OCTAaTOYHOIO SHEProBbIAENEHNA
B KOPMYMeE AZlepHOro peakTopa METOA0M OMWYECKOro HarpeBsa

Kak npaBuio, B CNeACTBMM BO3HMKHOBEHMA TAXKENOM aBapuM Ha aTOMHOM anekTpocTaHummn (A3C),
KOTOpan CONpPOBOMXKAAETCSA pacniaB/ieHeMM akTUBHOM 30HbI peakTopa, 06pa3yeTcs KOPUYM — C/IOXKHAA CMeCh
MaTepmanos, Korga pacniaBfeHHOe fAAepHoe TOMAMBO  B3aMMOAEMCTBYET C  KOHCTPYKLMOHHbIMM
matepmanamm peaktopa. OAHMM M3 €ro XapakTepUCTMK ABNAETCA OCTAaTOYHOE 3HEprosblaeneHne, 4To
AOCTAaTOMHO CWMAbHO BAMAET Ha TenaoBoe nosae BCero Kopuyma. CnegoBaTeNbHO Y4YeT OCTAaTOYHOro
3HEProBblASNEeHNS UTPaET KAYEBYIO PO/b B NpoLeccax GM3MYeckoro MOAEeNMPOBaHNA TAKENbIX aBapuii. 1o
3TOM NPUYMHE METOoAbl MMUTALLMM OCTAaTOYHOrO 3HEProBblAENEHNA AO/KHbI COOTBETCTBOBATb KaK MUHUMYM
ABym TpeboBaHUAM GU3NYECKOrO MOAENMPOBAHUA: MHTEHCUBHOCTM M PAaBHOMEPHOCTM Harpeea no BCEMy
obbemy pacnnasa.

B naHHOWM paboTe nsydyaetcs abdeKTMBHOCTb NPUMEHEHNS OMUYECKOTO HarpeBa, Kak MeToaa MMUTaLmMm
OCTaTOYHOrO 3HEeProBblAeN1eHNA B MPOTOTUMNE KOPUYMA BO BPEMA NPOBEAEHMA SKCNEPMMEHTOB Ha YCTaHOBKE
JIABA-B. [laHHble Harpesa pacniaBa npu npUMeHeHnn OMUYECKOro HarpesaTe i Obln NoJyYeHbl METOA0M
KOMMbIOTEPHOTO MOAENMPOBaHMA Ha 6a3e nporpamHoro komnsaekca ANSYS. s oueHkM 3ddeKTUBHOCTU
NPUMEHEHNA OMMYECKOro Harpesa Obl10 MPOBeAEHO CPaBHEHME TMOJYYEHHbIX MNapPaMeTPoB pacyeTa C
napameTpamm Apyrmx CyLLeCTBYHOLIMX CMOCODOB MMUTALIMM OCTAaTOYHOIO 3HEPTOBbIAE/IEHNA B pacnaaBe npu

dHAJIOTNMYHbIX YCZTOBNAX, TAKUX KaK, VIHLI,yI-(LI,l/IOHHbIVI HarpesB 1 Harpes nNJ1asmatpoHamu.

Kntoyesble cnosa:
OMMWYEeCKOro Harpesa.

Introduction

As it is known, during a severe accident at a
NPP, the reactor core melts and a corium is formed,
consisting of a mixture of the reactor core and
structural materials. Decay heat is a feature of corium,
which is described by long-term heat release, even
after the cessation of radioactive decay in the melt [2].
This occurs due to the transition of fission product
nuclei to a more stable state, as a result of which a
significant amount of energy is released. Hence, when
conducting experiments on physical modeling of
severe accidents at NPPs, it is important to take this
feature into account, since it affects the overall
thermal field of the melt.

There are several experimental installations in
the world that simulate the decay heat in a corium
prototype (a mixture of uranium dioxide natural
enrichment, zirconium oxide, zirconium and steel).
The purpose of such experimental installations is the
same - to study the nature of interaction between
corium prototype (corium) and the structural
materials of the melt trap. However, methods for
simulating decay heat are different. Thus, at the
installation of a series of NEA-MCCI experiments,
the principle of direct passage of electric current
through the melt was used as a simulator of decay

Kopuym, ycTaHoBKa JIABA-b, ocTaToyHoe 3HeprosblaeneHue,

ANSYS, meTopa

heat, and the experimental test-benches VULCANO ,
LAVA-B, VESTA, VESTA-S, BETA, COMET,
COMETA, SICOPS use induction heating. Along
with this, in a series of MOCKA experiments , the
decay heat was modeled using the reaction of
thermite mixtures [3-7].

Research object and methods

Of the settings listed above, it is necessary to
note the LAVA-B test-bench [8], which is operated
at the Institute of Atomic Energy Branch of the
Republican State Enterprise ‘“National Nuclear
Center Republic Kazakhstan” and provides the
opportunity to conduct experiments with a corium
prototype. The external view of this device is shown
in Figure 1 (a). The test-bench consists of two main
parts - an electric melting furnace (EMF), in which a
burden with a volume of up to 60 kg is melted using
the induction method, and a melt receiver (MR), into
which the melt from the EMF is poured from a height
of about 1.7 meters. The MR is an experimental
section with an internal volume of 5.3 m?, in which a
melt trap with thermocouples is installed.
Constructive scheme of melttrap with refractory blocks
is shown in Figure 1 (b).
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This test-bench was used for conducting
experiments to study the interaction between corium
and structural elements of the reactor (reactor vessel,
containment shell, etc.). Depending on the specifics
of the experiment, induction and plasmatron heating
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Figure 2 — Temperature field of the melt trap model with induction (a) and plasmatron (b) heating methods

The results of computer modeling showed that
the plasmatron heating method, although it helps to
achieve higher temperatures, however, creates a large
temperature gradient throughout the entire volume of
the melt, heating it locally at the location of the
plasmatrons. The induction method creates a more
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methods were used to simulate the heat decay in the
melt [9-10]. Using computer modeling in the ANSYS
software package, the heating parameters of the melt
and trap elements were determined for each method

(Fig. 2).
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uniform heating pattern, and at the same time, due to
the skin effect, for the most part, only the side surface
of the corium is heated [11] . In addition, the heating
temperature of the melt directly depends on the skin
effect, the thickness of which depends on the inductor
power. It turns out that to heat the melt to a certain
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temperature using the induction method, it is needed
a more powerful source of electricity than is required
for other methods. As is evident, both methods have
some disadvantages and are not always suitable for
conducting experiments with corium, where the key
factor is creating uniform heating throughout the
entire volume of the melt and achieving a high
temperature. Thus, it would be impossible to study
the interaction between corium and melt trap
materials, where parts of the trap be made of
electrically conductive materials. In addition, with the
materials of the reactor vessel bottom model, the use
of the induction method as a way to simulate the
decay heat in the melt would also be impossible, since
the inductor will heat not only the melt, but primarily
all parts of the melt trap and the bottom model,
thereby distorting the thermophysical parameters of
the experiment.

In [12], a comparative analysis of all known
methods for simulating decay heat in a corium
prototype was implemented . It has been shown that
one of the optimal methods is ohmic heating.

The purpose of this study was to determine the
efficiency of using the ohmic heating method as a
simulator of decay heat in a prototype corium in
comparison with induction and plasmatron methods.
To achieve this goal, the computer modeling method
was chosen as the main tool.

The thermophysical model for calculations was
created in the ANSYS software based on the design
of an experimental melt trap (see Fig. 1 (b)), which
was used in one of the experiments at the LAVA-B
test-bench. A specially designed ohmic heater was
used as a thermal heating simulation method. Figure
3 shows a computer model of a melt trap with such a
heater.

1, 3 - concrete, 2 - sand, 4.5 - zirconia disks, 6 - corium, 7 - tungsten heater.

Figure 3-View of a computer model of a melt trap with an ohmic heater

The heater parameters are presented in Table 1.

It should be noted that one of the main
advantages of a spiral heater is that its geometric
parameters can be changed depending on the specifics
of the experiment to provide the desired heating
pattern scenario.

Table 1 - Parameters of the spiral heater

Options Values
Diameter of tungsten wire spiral, mm 10
Length, mm 2497.3
Internal radius of the spiral, mm 94
Number of turns 8
Surface area, mm 3 1.3804*10°
Volume, mm 3 3.4473*10°

To compare the chosen method of simulating
decay heat with the above studies of the efficiency of
using plasmatron and induction heating methods, the
dimensions and materials of the trap, as well as the
initial conditions and all other parameters will be
identical:

- Initial corium temperature: 2511 °C;

- Melt composition: uranium dioxide (UO;) -33
kg, zirconium (Zr) -15 kg, zirconium dioxide (Zr0,) -
3 kg, steel 12X18H10T -9 Kkg;

- Heater power: 35 kW;

- Heating time: 30 minutes;

The thermophysical parameters of corium and
tungsten are presented in Tables 2 and 3, respectively.
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Table 2 - Thermophysical options of corium [9]

Temperature, K Heat capacity Thermal conductivity, Density, kg/m?
J/kg-K W/(mK)
373 326.25 12.63 5451
573 357.4 11.66 5420
773 380.6 11.67 5387
1073 390.7 12.23 5342
1273 398.7 13.5 5299
1573 412.8 14.6 5243
Table 3 - Thermophysical options of tungsten [13]
Temperature, K Heat capacity Thermal conductivity, Density,
J/kg-K W/(m+K) kg/m?
300 132.4 162.8 19260
500 138.3 145.9 19210
700 141.9 130.2 19150
900 145.7 120.2 19100
1200 152.2 1135 19010
1400 157.1 111.2 18950
1600 162.5 110.1 18890
1800 166.0 109.0 18820
2000 174.7 108.3 18720
2200 181.6 107.2 18620
2400 189.1 106.8 18520
2600 197.6 107.4 18420
2800 207.0 108.8 18320
3000 217.8 107.5 18220

Results of computer decay heat modeling in the
melt at the LAVA-B test-bench

Based on the results of computer modeling, data
on the thermal field of the trap and melt were obtained
when using an ohmic heater as a method for simulating
decay heat in the corium. The maximum and minimum
temperatures of the melt when heated by the ohmic
method were 2748°C and 2443°C respectively.

As Figure 4 shows, the temperature field of the
corium is distributed evenly throughout the entire
volume. The maximum and minimum temperature
indicators of the melt when heated by the ohmic
method were 2721 °C and 2486 °C respectively.

To compare the intensity and uniformity of
heating of the melt when using an ohmic heater,
plasmatron and induction methods for simulating decay
heat, a comparison was made of the distribution of
temperature values over the melt cross section for each
of the methods (Figure 5).

Figure 5 shows that during ohmic heating of the
corium, the difference in temperature of the melt in the
center and near the walls of the trap is relatively small
(about 300 °C), and the distribution pattern of the
thermal field of the corium melt more uniform
compared to the data of plasmatron and induction
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heating. In addition, the temperatures achieved by
ohmic heating are significantly higher than those
achieved by induction heating. In addition, by changing
the internal radius of the heater, it is possible to obtain
a more uniform temperature field (temperature
distribution in the volume of the corium).

Temperature
Cantour 1

2721
A
2182

1913
1643
I 1374
1104
| 835
566
296
27

ic]

Figure 4 - Temperature field of the MR
when heated by the ochmic method
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Figure 5 - Graph of distribution of temperature values in the melt when heated by plasmatron,
ohmic and induction methods [10]

Figure 6 presents a graph of changes in corium
temperature values (average over volume) over 30
minutes when the melt is heated by the ohmic method.
Over a heating period of about 8 minutes, the average
temperature drops to a critical level of 2244 °C. The
sharp temperature drop can be explained by the process
of heat transfer from the melt to the walls of the trap,
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which are at room temperature before draining it from
the EMF. In such a short time, the corium prototype
melt does not have time to receive a large amount of
heat from the heater due to its low thermal
conductivity. Further, according to the calculation

results, a uniform increase in the average temperature
is observed to 2352 °C in 22 minutes.
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Figure 6 - Graph of changes in the volume-averaged temperature of the corium during ohmic heating
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Conclusion

This paper presents the results of computer
modeling in the ANSYS software of the process
simulating decay heat in the corium at the LAVA-B
test-bench using the ohmic heating method. The
distribution of the thermal field in the volume of the
melt has been established. In comparison with
plasmatron and induction heating methods, the study
shows the efficiency of using ohmic heating to
simulate the decay heat in the corium when studying
the processes of an beyond the vessel accident at a
NPP when the corium is localized in a melt trap. The
calculation results showed that when an ohmic heater
(spiral shape) is used to simulate decay heat, the melt

is heated more uniformly compared to induction and
plasmatron methods.

An important advantage of the ohmic method is
the variability of the heater design. Due to its
variability, the ohmic method can be used in many
experiments to simulate a severe accident at a NPP,
since it allows one to change the nature of melt
heating, changing the geometric parameters of the
heater and its location in the trap
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