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Background 

• Typical Pressurized Water Reactor(PWR) 

contains two main coolant loops. 

– The Primary coolant loop including the reactor, 

pumps, Pressurizer, and the primary side of the 

steam generator. 

– The Secondary coolant loop contains the 

Secondary side of the steam generator, the 

turbine generator, condenser, pumps, and 

other feed water heaters. 
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Coupling Approaches 
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LabVIEW 

Why LabVIEW 
• Have a user friendly Graphical User Interface GUI 

• Instrumentation analysis capabilities 

• GUI based programing and display methods. 

• Simple program modification to match specific systems 
 

Components Modelled with LabVIEW 

– Steam Generator 

– Turbine 

– Condenser 

– Feed water pumps 

– Feed water heaters 
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Secondary Loop Components  

Steam Generator 
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Secondary Loop Components 

Turbine Model 

• The steam turbine model uses standard 

thermodynamic equations as well as: 

𝑚 𝑖𝑛 =
𝐾

𝑇𝑖𝑛
𝑝𝑖𝑛
2 + 𝑝𝑜𝑢𝑡

2  * 

 

 

 
*Chaibakhsh, Ali and Ghaffari, Ali. 2008.  Steam Turbine Model.   

Simulation Modelling Practice and Theory 16 pp.1145–1162. 
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http://www.energy.siemens.com/hq/en/fossil-

power-generation/steam-turbines/sst-9000.htm 



Secondary Loop Components: 

Condenser 
• The heat transfer coefficient is calculated using the 

Butterworth* method: 

• ℎ𝑁 =
1

2
ℎ𝑠ℎ
2 +

1

4
ℎ𝑠ℎ
4 + ℎ𝑙

4
1/2 1/2

× 𝑁5/6 − 𝑁 − 1 5/6  

        

• Where 

• ℎ𝑠ℎ = 0.59
𝑘𝑙

𝑑
𝑅𝑒 1/2                 

• ℎ𝑙 = 0.728
𝑘𝑙

𝑑

𝜌𝑙 𝜌𝑙−𝜌𝑔 𝑔ℎ𝑓𝑔𝑑
3

𝜇𝑙 𝑇𝑠𝑎𝑡−𝑇𝑤 𝑘𝑙

1 4 

        

• 𝑅𝑒 =
𝜌𝑙𝑢𝑔𝑑

𝜇𝑙
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*As demonstrated in Prof. Kakac’s book of “Heat Exchangers: Selection, 

Rating, and Thermal Design”, ISBN-13: 978-0125041904 



Secondary Loop Components: 

Condenser 
• The heat exchanger calculations are performed 

using the following equations from the NTU* 
Method 
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𝑁𝑇𝑈 =
𝑈ℎ𝐴ℎ

𝐶𝑚𝑖𝑛
    

 

𝑈ℎ =
1

1 ℎ𝑖 + 1 ℎ𝑜 
    

     

𝑞𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛 𝑇ℎ,𝑖 − 𝑇𝑐,𝑖    

𝑞 = 𝜀𝑞𝑚𝑎𝑥     

     

𝑇ℎ,𝑜 = 𝑇ℎ,𝑖 −
𝑞

𝑚 ℎ𝑐𝑝,ℎ
    

         

𝑇𝑐,𝑜 = 𝑇𝑐,𝑖 −
𝑞

𝑚 𝑐𝑐𝑝,𝑐
    

*As demonstrated in Incropera, Frank P. et al. 2011. Fundamentals of Heat 

and Mass Transfer 7th edition. 



Secondary Loop Components: 

Pump 

 

12 

Engineered Software, Inc.  2013.  “Pump 

Curve Accuracy.” 



• For the feed water heater the following convection coefficient 
method was used 

• ℎ 𝐷 = 0.729
𝜌𝑙𝑔 𝜌𝑙−𝜌𝑣 𝑘𝑙

3ℎ𝑓𝑔
′

𝜇𝑙 𝑇𝑠𝑎𝑡+𝑇𝑠 𝐷

1 4 

 

• ℎ𝑓𝑔
′ = ℎ𝑓𝑔 + 0.68𝑐𝑝,𝑙 𝑇𝑠𝑎𝑡 −𝑇𝑠  

• ℎ 𝐷,𝑁 = ℎ 𝐷𝑁
−1 6  

 

 

  

 

  

 

 

Secondary Loop Components: 

Feed Water Heater 
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Secondary Loop LabVIEW Model 
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RELAP5 

 

 

 

 

 

 

 
Innovative Systems Software training materials 
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Coupling Methods 
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Steady State Simulation Results 
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Transient Results 
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Simulation Results and Data 

Comparison 
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Conclusion 

• The use of LabVIEW in the framework allows the 
connection of an experimental apparatus for real-
time data exchange. 

• Our validation results for multi-loop validation 
studies show that the framework works efficiently.  

• Two different  coupling approaches were tested. 

• While both approaches are quite accurate, the 
coupling approach which lacks a steam generator 
provides results have a good agreement with  
RELAP5 standalone results 
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Questions? 


