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CFD Analysis of a Concept of Nuclear Hybrid Heat Pipe with Control
Rod

Yeong Shin Jeong’, Kyung Mo Kim’, In Guk Kim’, In Cheol Bang"

Key Words : Hybrid Heat Pipe(3}9/E 2]E 3/EZ}0]Z) Heat Pipe(3]E39]/Z), Passive Decay Heat Removal System(PDRS, /&
A AAE), Computational Fluid Dynamics (CFD, FHLH34<3h

ABSTRACT

After the Fukushima accident in 2011, it was revealed that nuclear power plant has the vulnerability to SBO accident and
its extension situation without sufficient cooling of reactor core resulting core meltdown and radioactive material release even
after reactor shutdown. Many safety systems had been developed like PAFS, hybrid SIT, and relocation of RPV and IRWST
as a part of steps for the Fukushima accident, however, their applications have limitation in the situation that supply of
feedwater into reactor is impossible due to high pressure inside reactor pressure vessel. The concept of hybrid heat pipe with
control rod is introduced for breaking through the limitation. Hybrid heat pipe with control rod is the passive decay heat
removal system in core, which has the abilities of reactor shutdown as control rod as well as decay heat removal as heat pipe.
For evaluating the cooling performance hybrid heat pipe, a commercial CFD code, ANSYS-CFX was used. First, for validating
CFD results, numerical results and experimental results with same geometry and fluid conditions were compared to a tube type
heat pipe resulting in a resonable agreement between them. After that, wall temperature and thermal resistances of 2 design
concepts of hybrid heat pipe were analyzed about various heat inputs. For unit length, hybrid heat pipe with a tube type of
B4C pellet has a decreasing tendency of thermal resistance, on the other hand, hybrid heat pipe with an annular type B4C pellet
has an increasing tendency as heat input increases.

1. M B slETfo| L oFtto| uFs] I ] RHE 9|0] AslE o)
3 AL olgalol M Lk Aolw AL ATHow AY

20119 39, TFw 9.09] A M} 2Autu]R Qs FFAE s FHoeh.” s|Eute|Ll A FuR. AR 35
Qa1 wa Yol e 3 SEol Aol ehiaaE R LRE FudN 98 F46) 25 447} Sl
off ofsf AR=TF HAFAIE, FA] o] WYH XJ‘&A Ao 77 Hal GERE AU SE55e] mETte] 9 W
A3t Yzto] o] Rojx|#] Fsto] etz Wi GHE A= s == o] Wito] AAE (wick) +25 Wt thA| &
9] 257} f£obA teAlo] B-§(meltdown) =l lrt.” ??LAI YRS Eobel AL uEslY Qg Adshs w3 73
op ARl o] % b dbaof thsto] A AR £ B/t s|Evto] o] AEfRAlle 9 Fhxof o7t &
(SBO, Station BlackOut)@} 71 A7 4F=o] thgh %‘4‘21“30] Al ol o3 SR} S5 *}01% wghel7] wizofl, &
WA HE Fgol BARle] s 7t e d Y Fohetl o o] e Qlvks Ae 7L A S
= 2 g Ao Fa/do] diFE ik Evpo|Ze= F2 A7 59 YRR wol 2ol

* A eTst, 714 2 QA= FSHL(UNIST, School of Mechanical and Nuclear Engineering)
T WAIAA} E-mail : icbang@unist,ac kr

The KSFM Journal of Fluid Machinery: Vol. 17, No. 6, December, 2014, pp.109~114(Received 23 Sep. 2014; accepted for publication 06 Oct. 2014)
SIELADIHES =28 172, M6ZE, pp.109~114, 2014(=28 >} 2014.09.23, AAIRAZ LR} 2014.10.06) 109



Control rod
High T[] §
Heat pipe

Fig. 1 Concept of the hybrid heat pipe with control rod
(The left picture is obtained from [9])
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Fig. 2 Schematic for designs of hybrid heat pipe cooling system
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Fig. 4 Schematic of numerical grids and domain of hybrid heat
pipe
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Fig. 6 Wall temperature distribution of hybrid heat pipe design
candidate (a) as a function of heat input
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