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 Reducing GHG (Greenhouse gas) emissions from ships 
 CO2 emissions from ships is responsible for 2-3% of all global GHG emissions. 

 IMO* adopted a resolution on ‘Initial IMO strategy on reduction of GHG emissions from ships’ in 2018. 

• The aim is to reduce total emissions from shipping by 50% in 2050 compared to 2008. 

 

 

 

 

 
 

 Utilization and development of marine nuclear power 
 Nuclear powered ship to reduce ship’s GHG emissions and use its efficiency 

 

 

Background 

* IMO: International Maritime Organization 

* DNV-GL 

Akademik Lomonosov, Russia (2020-) a 

KLT-40s b 

BANDI-60s d / MicroUranus e CORE-POWER MSR, UK-US (Planned) c 

a. https://edition.cnn.com/2019/06/28/europe/russia-arctic-floating-nuclear-power-station-intl/index.html 
b. http://www.okbm.nnov.ru/en/business-directions/reactors-plants-for-small-and-medium-sized-npps/ 
c. https://corepower.energy/regulatory/ 
d. I.H. Kim et al., Development of BANDI-60S for a floating nuclear power plant, Transactions of the Korean Nuclear Society Autumn Meeting, 2019. 
e. Modular Reactors, Ulsan, Korea, July 3, 2019. 

발표자
프레젠테이션 노트
ㅇ 온실가스 감축을 위한 국제협약: UNFCCC → Kyoto Protocol → Paris Agreementㅇ 선박 온실가스 감축을 위한 노력    - 선박 온실가스 감축에 관한 사항은 국제해사기구(IMO)에 위임 [Kyoto Protocol , 1997]    - IMO에서는 대기오염방지에 관한 의정서 채택 [MARPOL, 1997]    - IMO에서는 Paris Agreement (2015)에 따라 온실가스 감축을 위한 전략 수립 (2018)
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 MARS-KS motion model for marine reactor 
 General form of momentum equation under the motion condition 

 

 

 

 

 Net rotation matrix 

 

 

 
 

 

 Motion condition for MARS-KS motion model 
 

• Type 1: sinusoidal function 

 

 
 

 

• Type 2: User-supplied table 

MARS-KS motion model 

𝜌𝜌
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕 ⋅ ∇𝜕𝜕 = −∇𝑝𝑝 + 𝜇𝜇∇2𝜕𝜕 − 𝜌𝜌𝜌𝜌 − 𝜌𝜌
𝑑𝑑2𝐑𝐑
𝑑𝑑𝜕𝜕2

+ 𝛀𝛀 × (𝛀𝛀 × 𝐫𝐫) +
𝑑𝑑𝛀𝛀
𝑑𝑑𝜕𝜕

× 𝐫𝐫  

Translational acceleration Centripetal acceleration Tangential acceleration 

Time (s) Roll/pitch/yaw acceleration (deg/s2) X/Y/Z acceleration (m/s2) 

… … … 

Angular motion : 

Translational motion : 

A : Amplitude               T : Period                                     a0 : Initial acceleration 
Ø : Phase angle           w  : Initial angular speed          θ0 : Initial angle 

𝑎𝑎𝑥𝑥,𝑦𝑦,𝑧𝑧 = 𝐴𝐴sin(
2𝜋𝜋𝜕𝜕
𝑇𝑇

+ 𝜙𝜙) + 𝑎𝑎0 

𝜃𝜃∘ = 𝐴𝐴sin(
2𝜋𝜋𝜕𝜕
𝑇𝑇

+ 𝜙𝜙) + 𝑤𝑤𝜕𝜕 + 𝜃𝜃0 

𝑀𝑀𝑡𝑡   = 𝑀𝑀𝑍𝑍 𝑀𝑀𝑌𝑌 𝑀𝑀𝑋𝑋   

     =
cos𝜃𝜃𝑧𝑧 − sin 𝜃𝜃𝑧𝑧 0
sin 𝜃𝜃𝑧𝑧 cos𝜃𝜃𝑧𝑧 0

0 0 1

cos𝜃𝜃𝑦𝑦 0 sin 𝜃𝜃𝑦𝑦
0 1 0

− sin 𝜃𝜃𝑦𝑦 0 cos𝜃𝜃𝑦𝑦

1 0 0
0 cos𝜃𝜃𝑥𝑥 − sin 𝜃𝜃𝑥𝑥
0 sin 𝜃𝜃𝑥𝑥 cos𝜃𝜃𝑥𝑥

  

발표자
프레젠테이션 노트
ㅇ MARS-KS 동적운동모델 (초기 모델)    - 운동량 방정식: 외력을 고려한 체적항 수정(선형가속도, 원심방향 가속도, 접선방향 가속도)    - 3차원 회전행렬: 운동조건에 의한 볼륨의 회전운동 모사    - 운동조건: 2가지 방법으로 입력 가능 → 방법1: 사인형태의 규칙적 운동 / 방법2: 시간에 따른 임의의(불규칙) 운동
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 Status of MARS-KS motion model modification (SNU, 2017 ~ 2018) 

 

 

 

 

 

 

 Status of MARS-KS motion model modification (SNU, 2018 ~ 2019) 
 

History of MARS-KS motion model 

a. H.K. Beom, G.W. Kim, G.C. Park, H.K. Cho, Improvement of dynamic motion model in MARS-KS for downcomer modeling of a maritime reactor with cross-junction connection, Transactions of the Korean Nuclear 
Society Spring Meeting, Jeju, Korea, May 23-24, 2019. 

b. H.K. Beom, G.W. Kim, G.C. Park, H.K. Cho, Verification and improvement of dynamic motion model in MARS for marine reactor thermal-hydraulic analysis under ocean condition, Nuclear Engineering and 
Technology, Vol.51, p.1231-1240, 2019. 

c. H.K. Beom, G.W. Kim, G.C. Park, H.K. Cho, Improvement of dynamic motion model in MARS-KS for downcomer modeling of a maritime reactor with cross-junction connection, Transactions of the Korean Nuclear 
Society Spring Meeting, Jeju, Korea, May 23-24, 2019. 

d. S.W. Park, G.W. Kim, H.K. Cho, Status of MARS-KS modification for thermal-hydraulic analysis of a marine reactor, Korean Society for Fluid Machinery summer conference, Pyeongchang, Korea, Aug. 24-26, 2020. 

 Implementation of user-supplied table a 

< Linear interpolation > 

 Modification of flow regime determination under inclination a 

Vertical flow regime map  
(45  ̊~ 90˚) < User-supplied table > 

Horizontal flow regime map  
(0  ̊~ 45˚) 

Time  
(s) 

Rotational 
acc. (deg/s2) 

Translational 
 acc. (m/s2) 

x y z x y z 

… … … … … … … 

 Extension of cross-flow model to horizontal pipe d  Improvement of cross-flow in MARS-KS b, c 

X 

Z 

Y 

< 30° Inclination > < 30° Rolling motion > 
X 
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< Before modification > < After modification > 

Rolling motion (180°, 600 s) 

발표자
프레젠테이션 노트
ㅇ MARS-KS 동적운동모델 개선연구 (SNU, 2017 ~ 2018)    1. User-supplied table (사용자입력옵션) 구현       - 기존: 옵션 기능은 있지만, 내부 구현은 개발되지 않은 상태       - 개선: 선형내삽법을 통해 시간에 따른 가속도 계산 → 사용자입력옵션 구현       - 응용: 선박 침몰상황에 대한 가속도 데이터를 MARS-KS에 사용 가능    2. 경사 정보에 따른 체적 유동양식 맵 결정       - 기존: 초기 경사 정보에 따라 체적 유동양식 맵 결정       - 개선: 매 시간 단계마다 경사 정보에 따라 체적 유동양식 맵 결정       - 검증: 파이프를 수평상태에서 수직상태로 회전시킨 개념문제를 통해 검증                 * 파이프는 액체 및 증기 유량이 각각 1 kg/s인 2상 유동



Modification of MARS-KS motion model 

 Auto-generated volume direction unit vector 

 Calculation of pressure head by each axis 

 Modification of volume connection information 

 Updating the junction property 

 Extension of MARS-KS motion model to MULTID component 

2 



 Modification ①: Auto-generated volume direction unit vector 
 The volume direction unit vector indicating the flow direction of the volume 

 Limitation in the existing method of generating a volume direction unit vector 

• A user should input the coordinates for center and top points of all volumes. 

 

 

 

 

 

 

 Auto-generated volume direction unit vector using three-dimensional rotation matrix 

• Only  the center coordinates of the volume are needed to generate the volume direction unit vector. 

• It helps users to reduce input preparation time and human errors when generating input files. 

 

8 ㅡ 26 

Modification of MARS-KS motion model 

MARS-KS motion model input file 

MARS-KS motion model input file Calculation procedure of auto-generated volume direction unit vector 

발표자
프레젠테이션 노트
ㅇ 개선 1. Volume direction unit vector 자동생성    - Volume direction unit vector 개념: 볼륨의 유동 방향을 나타내는 단위벡터    - Volume direction unit vector 특징: 3차원 회전행렬을 통해 운동 조건에 따른 유동 방향 계산    - Volume direction unit vector 한계: 생성방법의 한계 (사용자가 입력한 볼륨의 2지점 좌표를 통해 벡터를 생성하는 방법)                                                    → 입력 생성시간이 오래 소요되며, 입력 오류로 인한 문제가 나타나기 쉬움



 Modification ②: Calculation of pressure head by each axis 
 Modification of acceleration and length terms to reflect the pressure head by each axis 

 

 

 
 

 

 

 
 

 MARS-KS analysis result 
 Linear acceleration motion (−5 𝑚𝑚/𝑠𝑠2 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝜕𝜕𝑡𝑡𝑡 𝑦𝑦 𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠) 
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Modification of MARS-KS motion model 
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𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝒉𝒉𝑷𝑷𝒉𝒉𝒉𝒉 = 𝑫𝑫𝑷𝑷𝑫𝑫𝑷𝑷𝑫𝑫𝑫𝑫𝑫𝑫 × 𝑨𝑨𝑨𝑨𝑨𝑨𝑷𝑷𝑨𝑨𝑷𝑷𝑷𝑷𝒉𝒉𝑫𝑫𝑫𝑫𝑨𝑨𝑫𝑫 × 𝑳𝑳𝑷𝑷𝑫𝑫𝑳𝑳𝑫𝑫𝒉𝒉 

𝑑𝑑𝑑𝑑 =  −𝜌𝜌 ∙ (𝑎𝑎𝑥𝑥 ∙ 𝐿𝐿𝑡𝑡𝑎𝑎𝑎𝑎𝜕𝜕𝑡𝑥𝑥 + 𝑎𝑎𝑦𝑦 ∙ 𝐿𝐿𝑡𝑡𝑎𝑎𝑎𝑎𝜕𝜕𝑡𝑦𝑦 + 𝑎𝑎𝑧𝑧 ∙ 𝐿𝐿𝑡𝑡𝑎𝑎𝑎𝑎𝜕𝜕𝑡𝑧𝑧) 

𝑑𝑑𝑑𝑑 =  −𝜌𝜌 ∙ 𝑁𝑁𝑡𝑡𝜕𝜕𝑁𝑁 ∙ 𝐿𝐿𝑡𝑡𝑎𝑎𝑎𝑎𝜕𝜕𝑡𝑧𝑧 

Before modification After modification 
𝑎𝑎𝑦𝑦 = −5 𝑚𝑚/𝑠𝑠2 

𝑁𝑁𝑡𝑡𝜕𝜕𝑁𝑁 = 𝑎𝑎𝑥𝑥 ∙ 𝐷𝐷𝑎𝑎𝐷𝐷𝑎𝑎𝑥𝑥 + 𝑎𝑎𝑦𝑦 ∙ 𝐷𝐷𝑎𝑎𝐷𝐷𝑎𝑎𝑦𝑦 + 𝑎𝑎𝑧𝑧 ∙ 𝐷𝐷𝑎𝑎𝐷𝐷𝑎𝑎𝑧𝑧 
 
 
 
 
 

𝑎𝑎𝑥𝑥 = 𝑅𝑅𝑥𝑥�̇�𝜙𝑧𝑧
2 + 𝑅𝑅𝑥𝑥�̇�𝜃𝑦𝑦

2 + 𝑅𝑅𝑧𝑧�̈�𝜃𝑦𝑦 − 𝑅𝑅𝑦𝑦�̈�𝜙𝑧𝑧 − 𝑎𝑎𝑥𝑥,0 

𝑎𝑎𝑦𝑦 = 𝑅𝑅𝑦𝑦𝜁𝜁�̇�𝑥
2 + 𝑅𝑅𝑦𝑦�̇�𝜙𝑧𝑧

2 + 𝑅𝑅𝑥𝑥�̈�𝜙𝑧𝑧 − 𝑅𝑅𝑧𝑧𝜁𝜁�̈�𝑥 − 𝑎𝑎𝑦𝑦,0 

𝑎𝑎𝑧𝑧 = 𝑅𝑅𝑧𝑧𝜁𝜁�̇�𝑥
2  +  𝑅𝑅𝑧𝑧�̇�𝜃𝑦𝑦

2 + 𝑅𝑅𝑦𝑦𝜁𝜁�̈�𝑥 − 𝑅𝑅𝑥𝑥�̈�𝜃𝑦𝑦 − 𝑎𝑎𝑧𝑧,0 − 𝑎𝑎𝑧𝑧 

Before 

After 

발표자
프레젠테이션 노트
ㅇ 개선 3. 축별 압력수두 계산    - 기존: z축 방향의 압력수두 계산    - 개선: 축별 (x, y, z) 압력수두 계산 (압력수두 계산에 사용되는 가속도항 및 거리항을 축별 분리)    - 검증: 교차정션으로 연결된 4개 파이프의 직선가속도 운동 개념문제로 검증



 Modification ③: Modification of volume connection information 
 Limitation in the existing volume connection information based on the face number 

• Cross-junction connection restricted to the direction of the face number 

 

 

 

 

 

 

 

 
 

 Improved procedure evaluating the volume connection information 

• The distance and direction between the connected volumes are calculated. 
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Modification of MARS-KS motion model 

Concept of face number MARS-KS nodalization Limitation 

발표자
프레젠테이션 노트
ㅇ 개선 5. 볼륨 연결 정보의 수정    - 기존: 동적운동모델에서 파이프 간 교차유동은 face 방향으로만 연결 가능    - 개선: 임의의 방향에 대한 교차유동 연결 가능 (볼륨 연결 정보의 수정)



 Modification ④: Updating the junction property 
 Adding a procedure for the updating the junction property 

 

 

 

 

 

 

 

 

 

 
 

 

 

 Modification ⑤: Extension of MARS-KS motion model to MULTID component 
 Modification of MARS-KS motion model applicable to both One-D and MULTID component 

 Modification of post-processing function for the MULTID component 

 

 
 

Modification of MARS-KS motion model 
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Calculation procedure of MARS-KS motion model 

발표자
프레젠테이션 노트
ㅇ 개선 6. 정션 정보 업데이트    - 개선: 동적운동모델 계산 과정에 정션 정보 업데이트를 위한 “updateJunctionProperty” 서브루틴 추가       1. 경사 정보를 통해 정션의 수평/수직 유동양식 맵 결정       2. 볼륨 연결 정보 계산 (개선 5. 볼륨 연결 정보의 개선 참조)       3. 매 시간마다 1, 2번의 정션 정보 업데이트ㅇ 개선 7. 동적운동모델의 MULTID 확장    - 앞서 살펴본 개선 1~6번에 대한 사항을 One-D 뿐만 아니라 MULTID에도 동일하게 적용    - MULTID 컴포넌트 후처리 기능 개선 (Paraview)



Verification of MARS-KS motion model 

 1-D conceptual problems 

 Cross-flow problems 

 MULTID component problems 

3 



 1-D conceptual problems 
 Quantitative evaluation by comparing with analytic solution 

 

Verification of MARS-KS motion model 

13 ㅡ 26 

Parameters 
Manometer 

Case 1-1 Case 1-2 Case 1-3 Case 1-4 

Length 1 m  
(0.5 m for water) 

1 m  
(0.5 m for water) 

1 m  
(0.5 m for water) 

1 m  
(0.5 m for water) 

Pitch 0.5 m 0.5 m 0.5 m 0.5 m 

Diameter 0.1 m 0.1 m 0.1 m 0.1 m 

Motion  
condition 

Rotational motion  
along the x-axis 
- Amplitude: 45° 
- Period: 600 s 

Linear acceleration 
along the y-axis 
- Acc.: 10 m/s2 

Linear acceleration 
along the y-axis 
- Acc.: 5 m/s2 

 

Rotational motion  
along the x-axis 
- Amplitude: 30° 
- Period: 600 s 

Rotational motion  
along the z-axis 
- Angular speed 
  : 360°/s 



 MARS-KS simulation results of 1-D conceptual problems (Max. error: 0.752 %) 

Verification of MARS-KS motion model 
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Δ𝑡 =
Ω𝑧𝑧2𝐿𝐿2

2𝑎𝑎
 

Rotational motion along the x-axis (45°, 600 s) Linear acceleration along the y-axis (10 m/s2) 

Complex motion Rotational motion along the z-axis (360°/s) 

Case 1-1 Case 1-2 

Case 1-3 Case 1-4 

𝑎𝑎𝑥𝑥𝑑𝑑𝑎𝑎 + 𝑎𝑎𝑦𝑦𝑑𝑑𝑦𝑦 + 𝑎𝑎𝑧𝑧𝑑𝑑𝑧𝑧 = 0 𝑡 = 𝑡0 ± 𝐿𝐿 ∙ tan (𝐴𝐴𝑠𝑠𝑎𝑎𝑎𝑎
2𝜋𝜋𝜕𝜕
𝑇𝑇

) 

𝑡 = 𝑡0 ± 𝐿𝐿 ∙ tan 𝐴𝐴𝑠𝑠𝑎𝑎𝑎𝑎
2𝜋𝜋𝜕𝜕
𝑇𝑇

 

𝑎𝑎𝑥𝑥𝑑𝑑𝑎𝑎 + 𝑎𝑎𝑦𝑦𝑑𝑑𝑦𝑦 + 𝑎𝑎𝑧𝑧𝑑𝑑𝑧𝑧 = 0 



 Cross-flow examples 
 Quantitative evaluation by comparing with analytic solution 

 

Verification of MARS-KS motion model 
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Parameters 

Problem 1 Problem 2 

4 PIPEs connected using cross-junction 6 PIPEs connected using cross-junction 

Case 1-1 Case 1-2 Case 2-1 Case 2-2 

Phase Single-phase Single-phase Single-phase Single-phase 

Length 1.2 m 1.2 m 1.2 m 1.2 m 

Diameter 0.5 m 0.5 m 0.5 m 0.5 m 

Motion  
condition 

Inclination  
along the x-axis 
- Angles: 0 ~ 90° 

Rotational motion 
along the x-axis 
- Amplitude: 90° 
- Period: 600 s 

Inclination  
along the x-axis 
- Angles: 0 ~ 90° 

Rotational motion 
along the x-axis 
- Amplitude: 90° 
- Period: 600 s 

x 
y 

z 



 MARS-KS simulation results of cross-flow problems (Max. error: 0.0 %) 

Verification of MARS-KS motion model 
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𝑑𝑑 = 𝑑𝑑𝑎𝑎 + 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

𝑑𝑑 = 𝑑𝑑𝑎𝑎 + 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

𝑑𝑑 = 𝑑𝑑𝑎𝑎 + 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 𝑑𝑑 = 𝑑𝑑𝑎𝑎 + 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

Inclination along the x-axis (0° ~ 90°) Rotational motion along the x-axis (90°, 600 s) 

Case 1-1 Case 1-2 

Case 2-1 Case 2-2 

Inclination along the x-axis (0° ~ 90°) Rotational motion along the x-axis (90°, 600 s) 



 MULTID component examples 
 Quantitative evaluation by comparing with analytic solution 

Verification of MARS-KS motion model 
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Parameters 

Problem 1 Problem 2 

Slab consisted of 200 volumes 
Cylindrical MULTID 

Case 1-1 Case 1-2 Case 1-3 

Phase 2-phase 2-phase 2-phase 2-phase 

Length 1.0 m 1.0 m 1.0 m 1.0 m 

Diameter 0.2 m × 1.0 m 0.2 m × 1.0 m 0.2 m × 1.0 m 2.0 m 

Motion  
condition 

Rotational motion 
along the x-axis 
- Amplitude 
  : 30, 60, 90° 
- Period: 600 s 

Rotational motion 
along the y-axis 
- Amplitude 
  : 30, 60, 90° 
- Period: 600 s 

Rotational motion 
along the z-axis 
- Angular speed 
  : 60, 360°/s 

Rotational motion 
along the x-axis 
- Amplitude: 30° 
- Period: 600 s 

 

x 
y 

z 



 Problem 1: 2-phase slab under motion condition (Rolling motion) 

Verification of MARS-KS motion model 
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30° rolling motion 60° rolling motion 90° rolling motion 

MARS-KS nodalization 

x 
y 

z 

Simulation result 

∆𝑑𝑑 = 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

Void fraction Void fraction Void fraction 



 Problem 1: 2-phase slab under motion condition (Pitching motion) 

Verification of MARS-KS motion model 
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MARS-KS nodalization 

x 
y 

z 

Simulation result 

∆𝑑𝑑 = 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑎𝑎1 − 𝑎𝑎2 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

30° pitching motion 60° pitching motion 90° pitching motion 

Void fraction Void fraction Void fraction 



 Problem 1: 2-phase slab under motion condition (Yawing motion) 

Verification of MARS-KS motion model 
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MARS-KS nodalization 

x 
y 

z 
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 ω = 60°/s
 ω = 360°/s
 Analytical Solution

Simulation result 

𝑎𝑎2 =
2𝑎𝑎
Ω2

(𝑦𝑦 − 𝑡) 

360°/s yawing motion 60°/s yawing motion 

Void fraction Void fraction 



 Problem 2: 2-phase cylindrical MULTID under rolling motion 

Verification of MARS-KS motion model 
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MARS-KS nodalization 

x 
y 

z 

Simulation result 

0 100 200 300 400 500 600
-12000

-8000

-4000

0

4000

8000

12000

16000

 

 

W
at

er
 H

ea
d 

(P
a)

Time (s)

 Amplitude 30°
 Amplitude 60°
 Amplitude 90°
 Analytical Solution

∆𝑑𝑑 = 𝜌𝜌 ∙ 𝑎𝑎 ∙ [ 𝑦𝑦2 − 𝑦𝑦1 𝑠𝑠𝑎𝑎𝑎𝑎𝜃𝜃 + 𝑧𝑧2 − 𝑧𝑧1 𝑐𝑐𝑎𝑎𝑠𝑠𝜃𝜃] 

30° rolling motion 60° rolling motion 90° rolling motion 

Void fraction Void fraction Void fraction 



Application of MARS-KS motion model 

 Prediction of flow instability 

 Prediction of Critical Heat Flux 

 

4 



Application of MARS-KS motion model 

23 ㅡ 26 Marco Colombo et al., RELAP5/MOD3.3 study on density wave instabilities in single channel and two parallel channels, 2012 

 Prediction of flow instability 
 Analysis model: Parallel channels with MULTID component (�̇�𝑚 = 0.2369 𝑘𝑘𝑎𝑎/𝑠𝑠) 

 Comparison of RELAP5 and MARS-KS analysis results 

• Counter-phase oscillations of the flow rate in the two channels 

• “L shape” in the dimensionless stability map 

 

MARS-KS nodalization 

RELAP5 result MARS-KS result 
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발표자
프레젠테이션 노트
ㅇ MARS-KS motion model의 응용: Prediction of flow instability     - RELAP5 해석결과와 MARS-KS 해석결과 비교       1. MARS-KS 해석결과에서도 2개 채널간 유량의 교차 진동 발생       2. Dimensionless stability map을 통한 Unstable region 예측 (L-shape)



Application of MARS-KS motion model 

24 ㅡ 26 Marco Colombo et al., RELAP5/MOD3.3 study on density wave instabilities in single channel and two parallel channels, 2012 

 Prediction of flow instability 
 Analysis model: Parallel channels with MULTID component (�̇�𝑚 = 0.2369 𝑘𝑘𝑎𝑎/𝑠𝑠) 

 Comparison of analysis results under stationary and rolling conditions 

• Motion condition: Rotational motion along the x-axis (45°, 10s ) 

• A slight increase of unstable region under rolling condition 

 

MARS-KS nodalization 

MARS-KS result 
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발표자
프레젠테이션 노트
ㅇ MARS-KS motion model의 응용: Prediction of flow instability     - MARS-KS를 통해 정지상태와 회전운동(x축 회전) 조건에서의 Stability map 비교 (고유량 조건)       1. 정지상태와 회전운동 조건에서 Stability map을 통한 Unstable region 예측       2. 회전운동시 Unstable 영역 다소 증가



Application of MARS-KS motion model 

25 ㅡ 26 Marco Colombo et al., RELAP5/MOD3.3 study on density wave instabilities in single channel and two parallel channels, 2012 

 Prediction of Critical Heat Flux 
 Analysis model: Parallel channels (�̇�𝑚 = 0.02369 𝑘𝑘𝑎𝑎/𝑠𝑠) 

 Comparison of analysis results under stationary and rolling conditions (45°, 10 s) 

• CHF occurs earlier under rolling condition than stationary condition. 

Stationary Rolling (45°, 10 s) 

MARS-KS nodalization 
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발표자
프레젠테이션 노트
ㅇ MARS-KS motion model의 응용: Prediction of Critical Heat Flux    - MARS-KS를 통해 정지상태와 회전운동(x축 회전) 조건에서의 CHF 발생유무 확인       1. 고유량 (39~40 페이지) 조건과 저유량 (41~42 페이지) 조건을 비교       2. 정지상태와 회전운동 시 동일한 Heat flux 조건       3. 정지상태에서는 CHF 발생하지 않으나, 회전운동 조건에서는 CHF 발생       4. 저유량 조건(Dryout 발생 조건)에서 벽면온도 진동 발생          * MARS-KS는 아직 동적운동에 의한 물리적 모델(열수력학 모델, 기기모델 및 성능 등)의 변화를             반영하지 못하므로, 본 해석결과에 대해 물리적 의미보다 활용적 관점으로 접근 필요



 Implementation of multi-dimensional analysis capability in MARS-KS motion model 

 User-friendly code adopting by auto-generated volume direction unit vector 

 Implementation of cross-flow model in MARS-KS motion model 

 Extension of MARS-KS motion model to MULTID component simulation 

 

 Contribution of the research 

 Verification of modified MARS-KS motion model 

• The mathematical model of dynamic motion was confirmed. 

• MARS-KS can predict the fluid behaviors of cross-flow model and MULTID component. 

 Application of modified MARS-KS motion model 

• It was applied to predict the flow instability and Critical Heat Flux. 

 

 Limitation in the code and remaining research 

 Modification of the energy equation 

 Heat transfer characteristic of 2-phase flow under the motion condition 

 Modification of MARS-KS motion model (Coriolis force and cylindrical MULTID) 

Conclusion 
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