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ANALYTICAL DESIGN AND TESTING OF A COMPOSITE PIPING VESSEL SUBJECTED TO SEVERE 
CYCLIC LOADING CONDITIONS TO INCREASE SERVICE LIFE AND CORROSIVE RESISTANCE 

 
Overview 
Our team has been tasked by Flowserve to investigate and evaluate the functionality of composite               
wrapped pipes under high pressure cyclic loading conditions. We were tasked to evaluate the              
performance of composite piping under corrosive and high pressure cyclic loading conditions            
(0-10,000 psi). This project is important because industry requires the constant improvement of             
safety and service life of piping vessels under high pressure. 
 
Objectives 
The primary objective of this project is to design and construct a composite piping system experiment capable of being subjected to                     
high pressure cyclic loading with highly corrosive fluids. Additionally, we were tasked to obtain analytical data from experimental                  
calculations and computer aided design for the purpose of making a recommendation to Flowserve regarding which pipe design they                   
should utilize. 
 
Approach 

● Received problem statement and parameters of piping system from sponsor. 
● Performed initial patent search on commercially used high pressure, cyclic loading piping systems. 
● Communicated with our sponsor on a weekly basis to ask questions and get feedback on project progress. 
● Performed hand-calculations based on the parameters Flowserve provided (8.625 in outer diameter, 1.15 in thickness, and                

10,000 psi max pressure). The piping vessel is thick-walled and must be            
analyzed using the corresponding analytical methods. 

● Drafted 4 possible design considerations of piping systems with different          
material combinations, then used a design selection matrix to pick one as the             
final design. 

● Utilized SolidWorks and ANSYS software to perform FEA (Figure 1) to           
simulate the pressure and compare maximum stresses observed in the vessel           
when the outer wrap is varied. 

● Purchased and built a scaled down model including a diaphragm pump, an 
air pressure regulator, and a solenoid valve with clear PVC as the vessel 
material to demonstrate the cyclic loading concept. 

● Listed our findings on the Final Design Report and summarized our progress  
with the project poster. 

 
Outcomes 

● The final piping vessel includes a UHMWPE inner lining to prevent           
corrosion and A517 steel core, both of which are enclosed by an outer             
wrap that is included to decrease the maximum stress within the vessel            
(Figure 2). The outer wrap material is left to the sponsor to choose.  

● Through FEA in SolidWorks and ANSYS, we were able to determine that            
the best outer wrap for minimizing stress within a pipe would be stainless             
steel. However, we suspect Flowserve may elect to use a more           
cost-effective alternative. 

● The scaled down model was constructed and has potential to allow for the             
demonstration and observation of the realistic cyclic loading applications. 

 


