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Abstract  

Pipe rupture protection design is implemented to conform to 10 Code of Federal Regulations 
 (“CFR”) Part50, Appendix-A, General Design Criteria (“GDC”) 4. Evaluation requirements and 
design policy are shown specifically in this standard based on the concept of deep-layered 
protection at nuclear plant. 

The protection design standard for pipe rupture protection in US-APWR and specifies the 
calculation method for the thrust force and jet impingement force are described in a Technical 
Report “MUAP-10017”. 
 
This report is described about blast wave, jet pressure oscillation and jet reflection in the 
protection design standard for pipe rupture protection in US-APWR.  

Blast Wave is generated in steam piping by the CFD analysis on the assumption of instant piping 
break and some report . In US-APWR, the steam piping is pressurizer upper part piping. As 
results for CFD, Structural analysis and plant layout , blast wave do not impact on structural 
intensity of SSCs. Therefore, In US-APWR, blast wave does not impact on the protection 
design. 

Jet pressure oscillation is unlikely to occur in high compression ratio like US-APWR. Large jet 
flow expansion and large Mach Disk make downstream from Mach Disk stable. Disturbance at 
impingement wall does not reach back to Mach Disk. If pressure oscillation occurred, frequency 
would be high and resonance to surrounding SSCs is unlikely. 

When jet flow impinges on perpendicular wall, impinged jet flow is redirected and runs along 
surface of wall. Zone of influence (ZOI) obtained by CFD is enveloped by estimated ZOI from 
MHI’s design methodology. Inside of ZOI, impingement pressure includes effect of pressure due 
to flow parallel to impingement wall. Loads due to jet impingement reflection outside of ZOI are 
considered so small that it is not necessary to be considered. Additionally, design method of the 
oblique wall reflection is provided in this report. 
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2.0  BLAST WAVE  

 

 

 

2.1  Blast Wave of Steam Piping 

2.1.1  Free Blast Wave 

2.1.1.1  Blast Wave Simplified Model 
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Figure 2-1  Blast Wave Simplified Model 

2.1.1.2  CFD Analysis 

a. Model Outline 

 
 
 
 
 
 
 
 
 
 
 
 

b. Result 
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Figure 2-2  Analysis Model  
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Figure 2-3  Blast Wave Pressure Contour 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-4  Blast Wave Static Pressure Distribution along Jet Axis
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Figure 2-5  Blast Wave Pressure Attenuation by Distance
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Table 2-1  Comparison between Simplified Model and CFD 

 

 

 

 

2.1.2  Reflection of Blast Wave 

2.1.2.1  Front Wall Reflection 
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2.1.2.2  Front and Side Wall Reflection 
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Figure 2-6  Relation between Incident Pressure Ratio and Reflection Amplification Factor  

 

Figure  2-7 Front Reflection Analysis Model Outline 
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Figure 2-8  Distribution of Incident Pressure ps and Reflection Pressure pr  

for Front Reflection 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-9  Distribution of Reflection Amplification Factor for Front Reflection 
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Figure 2-10  Corner Reflection Analysis Model 
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Figure 2-11  Blast Wave Contour for Case of Reflection at Corner in Static Pressure 
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Figure  2-12 Relation between r/d and Peak Pressure  

 

 

Figure 2-13  Relation between r/d and Reflection Amplification Factor 
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2.2  Blast Wave of Sub-cooed Water Piping 
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Figure 2-14  Sound Speed of Liquid-Gas Two Phase Flow 
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2.3  Blast Wave Assessment in US-APWR 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
    

 

2.3.1  Pressureizer Upper Piping Structure Integrity 

 

 
 
 
 
 
 
2.3.1.1  Structral Analysis 

 
 
 
 



 
Evaluation on Jet Impingement Issues Associated 
 with Postulated Pipe Rupture MUAP-10022-NP (R0)  
 

 

Mitsubishi Heavy Industries, LTD.  17 

2.3.2  Instrument Piping Structure Integrity 

 

 

 

 

 

2.3.3  Reflection Amplification  

 

 

 

 

2.3.4  Reflection Repitation 
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Figure 2-15  Piping Layouts at Upper Portion of Pressurizer 
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Figure 2-16  Case of Closest Distance between Break &Target Points 
 
 
 
 

Table 2-2  Piping Specification 
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Figure 2-17  Piping Analysis Stress Model 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 2-18  Load Application Image 
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Figure 2-19  Time History of Pressure Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2-20  Time History of Piping Stress (Piping Center) 
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Figure 2-21  Instrument Piping in Pressurizer Compartment 
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Figure 2-22  Closest Location from Break Point to Wall 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-23  Internal Size of Pressurizer Compartment  
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3.0  JET PRESSURE OSCILLATION 

 

 

 

3.1  Steam Piping 
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Figure 3-1  Relationship between Distance from Nozzle to Impingement Wall and 
Pressure Distribution at Impingement Wall 
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Figure 3-2  Pressure Distribution of Flat-Plate Impingement (D = nozzle diameter d) 
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Figure 3-3  Mechanizum of Generating Re-Circulation Flow 
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Figure 3-4  Relationship between Concave-Type Pressure Distribution Range 

and Pressure Oscillation Range(Reference 6-10) 
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Figure 3-5  Time-Freeze Planar Laser-Induced Fluorescence (PLIF) Images of Jet 
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3.2  Sub-Cooled Water Piping 
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Figure 3-6  Flow Velocity Contour under PWR Condition with Sub-Cooling: 20°C  

 

 

 

 

 

 

 

 

 Figure 3-7  Steam Piping (Single Phase Flow) 
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Figure 3-8  Impingement Jet and Wall Pressure Distribution of Pressurized Hot Water  

(D = nozzle diameter d) 

 

3.3  Effect of Source Condition Change 
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4.0  JET REFLECTION 
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Figure 4-1  Behavior of Jet Flow Impinging on a Perpendicular Surface 

 

Figure 4-2  Front Reflection Analysis Model Outline 
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 Figure 4-3  Expansion of Steam Jet 

 

 
 

    Figure 4-4  Speed Distribution of Flow Jet        Figure 4-5  Density of Flow Jet 
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Figure 4-6  Speed Distribution in Jet Flow Radiating along Wall 

at a Cross Section Parallel to Wall 

 

 
Figure 4-7  Radial Force in Jet Flow Radiating along Wall 
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4.1  Jet Reflection Evaluation  

 

 

 

 

Figure 4-8  Jet Impingement Evaluation Flow 
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4.1.1  Reflection Jet Expansion Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-9  Reflection Jet Expansion Model(Perpendicular Wall) 
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Figure 4-10  Reflection Jet Expansion Model (Oblique Wall) 
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4.1.2  ZOI of Jet Reflection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-11  Evaluation Range (Bird-Eye View) 
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4.1.3  Reflection Jet Pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-12  Reflection Jet Model 
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Figure 4-13  Reflection Jet Model (Bird-Eye View) 
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Figure A1-1-2  Shock Confined to Uniform Area 
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Figure A2-1-1  Example of Convergence Residual Calculation Result 
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Figure A2-1-2  Overview of the Pressure-Based Solution Methods 
( The Right Hand Figure is Coupled Solver ) 
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Figure 1-3  One-Dimensional Control Volume 
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FigA2-2-1  Computation Cycle of Multi-material Euler 
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