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궁극적인 안전성 달성

 비상전원 제거 – Diesel generator, battery 제거

 비상계측 제거 – Signal line 제거

 비상작동 제거 – EOP manual 제거

 운전판단 제거 – Human error 제거
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Experimental study of a closed loop flat plate pulsating heat pipe under a varying gravity force 
Int. J. Thermal Sciences 96 (2015) 23-34
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𝑇𝑥 < 𝑇𝑜
𝑃𝑥 < 𝑃0

∆𝑠𝑥
∆𝑠𝑜
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PX Loop
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O Loop

Two-step ThermosiphonSingle-step 

Thermosiphon

X Loop
(Symmetric loop)

9



10



해석코드 입력에서 파란색 배관부부은 volume, 검은색 선은 junction으로 처리하여 각 Loop 모델들의 체적은 동일함, 열전달 부분은 동일 높이

O  Loop PX Loop
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Symmetric two-step thermosiphon : X loop Asymmetric two-step thermosiphon : PXSingle-step thermosiphon : O loop
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출력에따른순환유동형태비교 (Full power 2.5MW)

비등 현상 O Loop X Loop PX Loop 𝑸𝑥

𝑸𝑜

𝑸𝑝𝑥

𝑸𝑜

150kW (6%) Stable Stable Stable

200kW(8%) Local dry out Start Pul. Stable

300kW (12%) Pulsation Stable

350kW (14%) Pulsation Local dry out ~2

450 kW(16%) Local dry out ~2√2
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Experimental study of a closed loop flat plate pulsating heat pipe
under a varying gravity force
Int. J. Thermal Sciences 96 (2015) 23-34
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Momentum & Energy Balance

O Loop X Loop PX Loop

Momentum 

Balance (  𝑚 )  ∆𝑝𝑜 = 𝑔 ∆𝜌𝑜 ∆𝑦𝑜  ∆𝑝𝑥 = 𝑔 ∆𝜌𝑥 ∆𝑦𝑥  ∆𝑝𝑥 = 𝑔 ∆𝜌𝑝𝑥 ∆𝑦𝑥

Energy 

Balance 

(Total Heat)

 𝑚𝑜(ℎ𝑜
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2) 2  𝑚𝑥(ℎ𝑥
0 − ℎ𝑥

1) 2  𝑚𝑥(ℎ𝑝𝑥
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1 )

Total Loop Momentum & Energy Balance Ratios
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Balance (  𝑚 )
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Energy 

Balance

2  𝑚𝑥(ℎ𝑥0−ℎ𝑥1)
 𝑚𝑜(ℎ𝑜0−ℎ𝑜2)

,     2√2 2  𝑚𝑝𝑥(ℎ𝑝𝑥0 −ℎ𝑝𝑥
1 )
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X Loop

 𝑚𝑜

𝜌0,𝑥 𝜌1,𝑥

𝜌0,𝑥𝜌2,𝑥

O Loop

𝜌2,𝑜

 𝑚𝑥

𝜌0,𝑜

𝜌1,𝑜

𝜌1,𝑜

PX Loop

O, X, PX loop 부피는동일하며가열율은모두 Loop 상부가완전포화상태가되는조건
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O와 PX모두동일한(300 kW) 가열,냉각조건 / 높이는동일/ 체적은O Loop 이PX 보다 2 배큰경우해석결과
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내벽
열전달 계수

외벽
열전달 계수

응축
h ~ 20
(10%)

비등
h ~ 20

자연대류
h ~ 1
(40%)

비등
h ~ 20

응축
h ~ 20
(25%)

비등
h ~ 20

자연대류
h ~ 1
(25%)

비등
h ~ 20

내벽
열전달 계수
(높이 비)

외벽
열전달 계수

응축
h ~ 20
(60%)

비등
h ~ 20

자연대류
h ~ 1
(40%)

비등
h ~ 20
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O Loop

격납용기벽면 열방출비

PX / O Loop :  
11.89

6.77
=1.8

동일한출력, 용기부피및 Pool 온도 100℃ 조건
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* : Sehmbey M. S., etc, 1995, High heat flux spray cooling of electronics, 12th symposium on space nuclear power and propulsion, January 8-12, Albuquerque, NM, AIP conference proceedings, Vol. 324, pp. 903-909.

* : Morgan M. J., Chang W. S., Pais M. R. and Chow L. C., 1992, Comparison of high-heat flux cooling applications, Proceedings of SPIE-the international society for optical engineering, Paper No. 1739-02.

* : Yang J., Pais M. R. and Chow L. C., 1993, Critical heat flux limits in secondary gas atomized liquid spray cooling, Experimental Heat Transfer, Vol. 6, pp. 55-67. 
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PX  Vol. 1 O Vol. 2안정계통 형식 O Loop, 용기압 57 bar PX Loop, 용기압 22 Bar

열전달 구역 q1 q2 q1 q2 q3 q4

열전달
조건

내외부 온도차
T1-T2 (K)

175.60 175.60 112.00 112.00 112.00 112.00 

용기 두께
t (m)

0.1630 0.1630 0.0629 0.0629 0.0629 0.0629 

내벽 열전도*
h1 (W/m²K)

7000.00 1000.00 10000.00 1000.00 7000.00 1000.00 

외벽 열전도*
h2(W/m²K)

10000.00 10000.00 10000.00 10000.00 10000.00 10000.00 

열전도 k (W/mK
) 

Carbon steel
54.00 54.00 54.00 54.00 54.00 54.00 

길이비율 0.74 0.26 0.10 0.40 0.35 0.15 
OHTC 

(단위면적)
306.62 242.81 732.70 441.54 710.39 441.54 

부위별 열전달 39796.49 11122.61 11603.63 27970.15 39376.22 10488.80 
총 열전달
(단위면적)

50919.11 89438.80 

계통
비교

외부용기 직경 4.60 4.60 

외부용기 높이 23.00 23.00 

외부용기면적 332.21 332.21 

열출력 (MW) 250.00 250.00 

방출열 (MW) 16.92 29.71 
출력대비
방출열 (%)

6.77 11.89 

Scale Factor 
열출력비

(PX / NuScale)

체적비 (PX / NuScale) : 1  

압력비 (PX / NuScale) : 1/3

열방출비 (PX / NuScale): 1.9 
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PX Nuscale

PX NuScale

구조 용기 내부 PRHR 용기 외부 PRHR

열수력 용기 압력 : 2 MPa 용기 압력 : 6 MPa
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Cavitation

Hot TubeCold Tube

PX : Passive Infinite Cooling 

(Asymmetric Two-step Thermosiphon)
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PX

기존 원자로 사고 분류 PX개념 사고 분류

LOCA Non LOCA 용기 내부 사고 용기 외부 사고

SBLOCA
LBLOCA

SLB
FLB
TLOF
SGTR
SBO

SBLOCA
SLB
FLB
SGTR
SBO

안전주입 안전감압 안전감압
및 재순환
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Normal operation Dynamic cooling phase Infinite cooling phase

Steam & 
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Steam  

release

Steam  

release

공
기

A : 고온 용기 상부
B : 저온 용기 상부
C : 고온 용기 하부


