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Introduction
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발표자
프레젠테이션 노트
한국원자력연구원의 가압경수로 원자로인 110MWe급의 SMART-100
카이스트의 12MWe급 sCO2-가스로 방식의 일체형 초소형 원자로 / 유니스트의 URANUS /서울대의 REX-10�미국 Argonne LAB의 슈퍼스타
일본 GE-히타치의 DMS / 미쓰부시의 IMR / 토시바의 4S


HEH L2 |AXIE (Heat Pipe Reactor, HPR)
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발표자
프레젠테이션 노트
초소형원자로 개발에는 고유안전성, 피동안전성 및 심층방어 개념이 전제됨. 국내외 초소형원자로 개발에 있어 운송 및 설치의 용이성을 위한 소형화의 핵심요소기술로 열전도관(Heat pipe) 기술이 활용됨.
TRL2: Technology Readness Level : 기술개발 개념 정립 및 아이디어에 대한 특허출원단계
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B CFD Investigation on Shape Effect of Helically Wrapped Wire Spacer in a Heat Pipe
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2

Numerical Method




Computational Grid System

B Structured meshes (8-pitch) 8-pitch Cells Nodes Elements
> Fluid Region: 2,400,000 Cells Fluids 2,400,000 2,482,299 2,400,000

> Structures Region: 320,000 Cells Structures 320,000 384,480 320,000
Total 2,720,000 2,866,779 2,720,000

Innovative grid generation methodology

» Line contact simulation - Dup_

Hlbianle Wang, “Thermal-hydraulic analysis of a 7-pin <Cross sectional view Heat ~ <Perspective view Heat
sodium-cooled fast reactor wire-wrapped fuel bundle” : : . 3 3 3
G__ pipe with wire spacer> pipe with wire spacer>
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Modeling Method

B Geometry shape0| [L}= Friction factor 2} Nusselt Number H| i1

» 87l &AHO| Case H|

A= B2
0 HL-E 5

AH=6l0] YofS Hlw g

> D,/Dyp: Wire diameter to Rod diameter ratio
2 H/Dp : Wire lead pitch to rod diameter ratio

Case D,,, [mm] D, [mm] H [mm] D,/Dy | H/D,, | Clearance [mm] Thickness [mm]

1 3 0.9 12 0.3 4

2 6 0.9 24 0.15 4 0.1

3 3 0.9 48 0.3 16

4 6 0.9 96 0.15 16 02

5 3 1.8 12 0.6 4

6 6 1.8 24 0.3 4 0.2

7 3 1.8 48 0.6 16

8 6 1.8 96 0.3 16
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Boundary Condition

Inlet
> Reynolds number0i| (2 37FX| 2| i+t £ H7H
> Re=5000, 10000, 15000
> Temperature: 5/3.15K
> Fluid:N,
Heat Source
> Heat pipe inner wall
> Constant Temperature: 953.15 K

Turbulence Model
» RANS (Reynolds Averaged Navier—Stokes simulation)

> k=g
> Convergence: Temperature & Velocity @ Outlet
Outlet

> Relative Pressure: 0 Pa
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Result




Effect of Wire spacer - Pressure

Wire spacer0i| 2|gt U= 2517 3A| LIEH A= =telgt
> Wire spacer®| 20| ofslf S4ct LSt LIEHH.
> Wire spacer?t QITot £&20o| Zuisk £ 7t ZU10|| 2t AKX oZ AE0| Z4AE.

<With wire spacer> <Without wire spacer>
19-:2"W o

10,000+ - - 600:
8,000 5°°'i
. 6,000 ,_|4oo
E 4,000 lgsoo—f
: i
2,000+ 200:

0 1°°'.:

=]

-2,0004,

0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
s Axial Distance from inlet [m] Axial Distance from inlet [m]

slide 12




Effect of Wire spacer - Temperature
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Friction factor with geometric shape difference by CFD
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Nusselt number with geometric shape difference by CFD
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Conclusion




Conclusion
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