
   
 

 

 Final Design Report 

 

 

 

 

 

 

 

 

 

Team:    CP Check Valve ς Team 53 

Team Members:   Jessica Dent, Skylar Tusting, Alec Der Matoian 

Team Contact:   cpcheckvalve@gmail.com 

Project Title:   Check Valve Design 

Sponsor:    Zurn Wilkins ς Paso Robles 

Date Last Updated:  June 6, 2020



   
 

i 
 

Statement of Disclaimer  

Since this project is a result of a class assignment, it has been graded and accepted as fulfillment of the 

course requirements. Acceptance does not imply technical accuracy or reliability. Any use of information 

in this report is done at the risk of the user. These risks may include catastrophic failure of the device or 

infringement of patent or copyright laws. California Polytechnic State University at San Luis Obispo and 

its staff cannot be held liable for any use or misuse of the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

ii 
 

Abstract 

This report is to serve as a final design review and update to the project sponsors at Zurn Wilkins for the 

Check Valve Design Senior Project. The senior project team was tasked with improving upon the design 

of Zurn WilkinsΩ ōŀŎƪŦƭƻǿ ǇǊŜǾŜƴǘƛƻƴ ŀǎǎŜƳōƭȅ ŦƻǊ ǎƳŀƭƭ ŘƛŀƳŜǘŜǊ pipes by reducing the pressure loss 

created by the check valves within the double check backflow assembly. The information contained in 

this report builds off the information contained in the Critical Design Report (CDR), as well as feedback 

and further investigation suggested during an Intermediary Design Review. Based on conclusions from 

the CDR, our team settled on developing one main design, referred to as the double-disk check valve. 

The goal of this design is to use the mechanical advantage of two actuating half-disk poppets connected 

to a central hinge to allow for greater cross-sectional flow area during open flow conditions, reducing 

pressure loss for each check valve.  

This report explains the decision behind the double-disk design and includes discussion on design 

alternatives that were considered. Our team provides analysis of data defending the final design 

direction, manufacturing plans, material selections, anticipated costs, and the results of iterative testing 

of various prototypes. Prior to March 18th, 2020, our team anticipated using the remaining months of 

the project to iterate upon the double-disk design through prototyping and testing at Zurn WilkiƴǎΩ ǿŜǘ 

lab facility. Due to the COVID-19 pandemic, the team has needed to modify the scope of the project. The 

double-disk design was instead finalized using analytical methods. However, due to health restrictions 

the team was not able to manufacture a model of this proposed design. We were able to work with our 

sponsor at Zurn to have one final prototype tested to help validate our models. The final design 

proposed by the team is a culmination of the testing, research, and analysis performed over the course 

of this project and is intended to serve as a stepping stone for future work in the reduction of pressure 

loss in the double check backflow assembly for ѻέ- нέ ŘƛŀƳŜǘŜǊ ǎȅǎǘŜƳǎΦ   
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1.0 Introduction 
The purpose of this report is to present the final design for sponsor approval by the senior project team 

assigned to the Check Valve Design challenge for Zurn Wilkins in Paso Robles, CA. An overview will be 

presented on topics discussed in the preliminary design review, including an explanation of the 

objectives, conceptual prototype process, preliminary design, testing plan, and design paths considered. 

The report includes the results of testing and analysis used in the development of the final design. This 

document also includes an overview of how the team managed its progress and accountability for the 

project. 

Zurn Wilkins is a manufacturer of water and plumbing solutions, targeting commercial, industrial, and 

municipal markets. One of their many product groups includes water safety devices, more specifically, 

backflow prevention assemblies. These devices are placed in series with an existing water supply line 

that feed anything from single rooms in a house, to entire commercial complexes. When the flow of 

water is stopped or even reversed, the backflow preventer closes an internal valve that prevents any 

downstream contamination from traveling upstream. Figure 1 represents a cross-section view of the 

internals of a double-check valve. 

 

Figure 1. Cross Section of a Double-Check Backflow Preventer 

Zurn has proposed a project that aims to design a new type of mechanically actuated backflow 

prevention system, focusing on the check valve. The new design should improve upon existing Zurn 

check valve designs by minimizing pressure loss and be scalable to different diameter valve assemblies, 

ǊŀƴƎƛƴƎ ŦǊƻƳ ѻέ ǘƻ нέ. 

In addition to offering engineering oversight, Zurn provides the team access to their άǿŜǘέ ǘŜǎǘƛƴƎ 

facility. Qualities such as pressure loss, differential pressure holding, and material integrity (burst/leak 

pressures) can be tested in the lab. Zurn also provides the opportunity for in-house rapid prototyping via 

two liquid/laser 3D printers. 

The project team assigned to Zurn consists of three mechanical engineering undergraduates. The team 

assigned to this project participated in three consecutive quarters of senior project mentorship and lab 

instruction. By June 2020, the team is expected to present all project deliverables to the sponsor and the 

project. 



   
 

2 
 

Near the end of /ŀƭ tƻƭȅΩǎ 2020 winter quarter term, the unfortunate consequences of the COVID-19 

outbreak began to affect critical operations of the campus, including learning activities and projects; off-

campus travel, on-campus resources, and overall access to labs and facilities were eventually suspended 

for the remainder of the academic year. Since this project is heavily reliant upon the use experimental 

test results driving the critical design changes of the next prototype iteration, having no direct access to 

experimental testing or rapid prototyping severely undercuts this iterative testing cycle. 

These impacts have prevented our team from completing this project with the deliverables anticipated 

at the time of presenting the Critical Design Review (CDR), which includes a fully-functioning prototype 

that could operate similar to a production model. The team was not able to manufacture a model that 

includes proper sealing and backflow prevention, ǿƘƛŎƘ ǿŀǎ ǘƻ ōŜ ǘŜǎǘŜŘ ƛƴ ½ǳǊƴΩǎ ŦŀŎƛƭƛǘƛŜǎ. 

As a workaround, our team and sponsors at Zurn agreed on modifying the scope of the project. Our 

team was to use the remaining project time to provide a sound foundation for the use of the double-

disk check valve design in backflow prevention assemblies via computational fluid dynamics (CFD) 

modeling and analytical methods. After working with our sponsor to complete one final prototype, the 

test data proved that the double-disk is capable of reducing pressure loss. Our team is confident that the 

project can act as a foundation for Zurn Wilkins engineers to integrate the double-disk check valve into a 

fully-functioning product intended for water supply lines. 
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2.0 Background 
Any project requires sufficient knowledge of the system/environment that is involves the product or 

service to be provided. Multiple sources were used to research background information, patent history, 

and current industry device designs. 

2.1 Existing Designs and Patent Research 
A check valve is a valve that allows fluid flow in only one direction. There are a wide variety of check 

valves used in various applications, each with unique performance characteristics. Listed below are a 

few of the existing types of check valves and a brief description of their operation, applications, 

performance, and limitations.  

2.1.1 Swing Check Valve 

A swing check valve contains a disc that swings on a hinge or shaft. A cross-section of two styles of swing 

checks is shown in Figure 2. The disc swings off the valve seat to allow forward flow. When the flow is 

stopped, the disc swings back onto the seat to block reverse flow. Often, a lever/weight or a lever/spring 

combination is mounted to the disk to achieve improved performance. Although swing check valves 

come in various sizes, they are typically used in larger diameter lines. A common issue for swing check 

valves is water hammer. It can occur when the disk closes rapidly and abruptly stops the flow. This 

causes a surge in pressure that can result in high velocity shock waves and place a large stress on the 

piping in the system. ώtŜǊǊȅΩǎϐ 

 

Figure 2. Swing Check Valves (Crane) 

2.1.2 Tilting Disk Check Valve 

A tilting disk check valve is very similar to a swing check valve but differs in that the pivot is in the middle 

of the gate. A cross-section view is shown in Figure 3. These valves may be installed in a horizontal line 

or in lines in which the flow is vertically upward. Compared with swing check valves of the same size the 

pressure drop in tilting disc valves is less at low velocities but greater at high velocities. These valves can 

close quickly at the instant the flow reverses. ώtŜǊǊȅΩǎϐ 
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Figure 3. Tilting Disc Check Valve (Crane) 

2.1.3 Dual Disk Check Valve 

A dual plate or dual disk check valve has two halves of a disk that fold at the center around a common 

pivot or shaft. The two half plates rest on the valve seat when in the closed position. A torsion spring at 

the pivot point helps maintain closure when upstream pressure is lacking. The pressure loss is greatly 

reduced because the disc folds into a more streamlined profile thus reducing the drag, as can be seen in 

Figure 4. If the pressure is not high enough the valve may not fully open and have a larger pressure loss 

as compared to other valves. In addition to a rise in energy consumption, insufficient flow velocity can 

wear the valve prematurely. This can lead to issues with proper sealing, especially when used in vertical 

orientations were additional spring force is necessary to seal the valve against gravity. [Sotoodeh] They 

are also sometimes known as butterfly or wafer check valves. [2016 ASHRAE] 

  

Figure 4. Dual Disk Check Valve (US Valve) 

 

2.1.4 Lift Check Valve 

Lift check valves have a body design like a globe or angle valve body with a similar disk seating. A cross-

section view of two styles of lift valves can be seen in Figure 5. The guided valve disk is forced open by 

the flow and closes when flow reverses. Because of the body design, the pressure drop is higher than 

that of a swing check valve. Lift check valves are recommended for gas, compressed air, or in fluid 

systems not having critical pressure drops. [2016 ASHRAE] 
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Figure 5. Lift Check Valves 

2.1.5 Inline Spring Check Valve 

Inline spring-loaded check valves are common and have a fairly simple design. When flow enters the 

inlet port of the valve, it must have enough pressure to overcome the cracking pressure and the force of 

the spring. Once overcome, it pushes the disk open and allows fluid to flow through the valve, as shown 

by Figure 6. When the pressure is no longer high enough, or there is a backpressure, the spring 

compresses the disc against the seal and shuts the valve. The spring and the short travel distance allow 

for quick reclosing time when the pressure is not sufficient. This design also helps avoid pressure surges 

in the line and thus prevents water hammer. They can be installed in the vertical or horizontal positions. 

They typically have poor pressure loss performance since the flow must overcome the force of the 

spring and the disk remains in the flow path.  

 

Figure 6. Inline Spring Check Valve (US Valve) 

2.1.6 Backflow Direct Dual-Action Checkϰ 

The Dual-!Ŏǘƛƻƴ /ƘŜŎƪϰ ƛǎ ŀ ŎƻƳǇƻǳƴŘ ƳƻǾŜƳŜƴǘ ŎƘŜŎƪ ǾŀƭǾŜ ǇǊƻŘǳŎŜŘ ōȅ .ŀŎƪŦƭƻǿ 5ƛǊŜŎǘΦ ¢ƘŜ ǎǘǊƻƪŜ 

ƻŦ ǘƘŜ ǾŀƭǾŜ Ŏŀƴ ōŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ǘǿƻ ǇƘŀǎŜǎΥ CƛǊǎǘΣ ŦƻǊ ǘƘŜ ƛƴƛǘƛŀƭ нр҈ ƻŦ ǘƘŜ ǾŀƭǾŜΩǎ ǎǘǊƻƪŜΣ ƭƛƴŜŀǊ 

separation occurs between the valve and the valve seat. The initial movement of the valve is very 

beneficial for consistent sealing and the holding of pressure differentials. Then, for the remainder of the 

stroke, the valve continues to rotate until its effective aspect ratio relative to the flow of water is 

reduced. This compound movement allows for the valve to create less pressure drop as full-flow is 

achieved, and for the valve to effectively distance itself away more than a simple in-line check valve 
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could do. Figure 7 illustrates a side view of the check valve assembly, with the valve entering the 

rotation phase of the stroke. (US 8,875,733) 

 

Figure 7. Dual Action Check Valve, Adapted from US 8,875,733, Fig. 6C 

2.2 Patent Research 
A list of relevant patents is listed in Appendix A ς Patent Table; however, there are two of these designs 

that we find most interesting with regards to the design challenge.  

 

Figure 8. Variable Opening Force Check Valve. 

The check valve having a variable opening-force threshold (US 6648013 B1), shown in Figure 8, is 

noteworthy because the design reduces the amount of force necessary to open the valve as the fluid 

flow rate increases. This reduction in pressure loss is of interest to our team. [Ray, Ernest B.] 
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Figure 9. Flapper Check Valve patent design. 

The flapper check valve (6050293), shown in Figure 9, is of interest to the team because it uses the 

mechanical advantage of lever arms to hold the valve in a closed position. Utilizing a lever arm is a 

potential solution to our design problem. [Lin, Ping, and Rand Ackroyd] 

2.3 List of Applicable Industry Codes, Standards, and Regulations 
There are many standards, industry codes and regulations surrounding valves, backflow prevention 

assemblies, and check valves. We have listed some of the most relevant below. See Appendix B ς 
Applicable Industry Codes, Standards, & Regulations for a more detailed explanation of each standard. 

Appendix C ς Glossary also provides a glossary for common technical terms used in the field of backflow 

prevention and pipe flow. 

¶ ASME B16.34 

¶ ASSE 1015 

¶ CSA B64.5 

¶ AWWA C510-17 

¶ Cal OSHA Title 8, Subchapter 7, Group 2, Article 9, §3363(h) 

¶ USC Foundation for Cross-Connection Control and Hydraulic Research Manual of Cross 

Connection Control, Tenth Edition 
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3.0 Objectives 
Due to the conditions and changes of plans caused by COVID-19, the objectives of this project have 

changed substantially. These changed include how much improvement to the current design was 

forecasted from CDR to the end of the project, and which engineering specifications were quantitatively 

met with the latest-developed prototype. 

3.1 Problem Statement 
Zurn Wilkins, a plumbing parts manufacturing company, is requesting a new check valve design that uses 

mechanical advantage and fluid dynamic principles to reduce pressure loss comparative to their existing 

products. This design must meet industry standards for water supply backflow prevention. 

3.2 Boundary Diagram  
The boundary diagram for this project can be seen in Figure 10. hǳǊ ǘŜŀƳΩǎ ǿƻǊƪ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿƛƭƭ 

remain within the boundary of the valve ƘƻǳǎƛƴƎ ƛƴ ½ǳǊƴΩǎ ŎǳǊǊŜnt product lines. We will need to 

ŎƻƴǎƛŘŜǊ ǘƘŜ ŘŜǎƛƎƴΩǎ interface with the check valve enclosure (housing), the test plugs, and the sealing 

surfaces connecting the check valve to the isolation ball valves on either end. 

 

 

Figure 10. Boundary Diagram Sketch 

3.3 Customer Needs 
The main customer for this project is Zurn Wilkins. The major customer needs fall within the category of 

improving performance. The customer needs are as follows: 

¶ Reduce the pressure loss: The current product has pressure loss due to the inline disc disrupting 

the flow path 

¶ Maintain a static pressure differential: A minimum pressure differential between the inflow and 

outflow of the check valve. This requirement is crucial to the functionality of the check valve to 

prevent backflow.  

¶ Mechanically driven: The check valve must open and close using only mechanical means.  

¶ Meets industry requirements: This includes flow, pressure, and safety regulations for backflow 

prevention devices. 
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o Water compliant materials: The design must be made of materials that will not rust or 

corrode.  

3.4 Customer Wants 
Customer wants are design criteria that are important to take into consideration and would improve the 

quality of the design. Customer wants are important for the function of the design and are considered 

lower priority than customer needs. The customer wants are listed below: 

¶ Adaptable design: The design should be able to fit within backflow systems between 3/4" and 

2" in diameter. The design should also be able to scale to the various standard pipe diameters 

ǿƛǘƘƛƴ ǘƘŜ ҁέ ǘƻ нέ range while maintaining proper functionality.  

¶ Manufacturability: The ease of manufacturing the design should be taken into consideration 

throughout the development process. Designs that are simple and utilize conventional 

manufacturing techniques, such as injection molding, are preferred. 

o Standard tooling: The design dimensions should follow US Customary unit standard 

sizes and be manufactured using standing tooling. 

¶ Horizontal or vertical position: The valve must function properly if placed either horizontally or 

vertically. The closing mechanism should not be significantly affected by the direction of gravity. 

3.5 Design Considerations 
The following are factors to be considered during the design process, but not required for a successful 

product.  

¶ /ƻƳǇŀǘƛōƭŜ ǿƛǘƘ ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ ŘŜǎƛƎƴΥ The user should be able to swap out the new design for 

the existing one without making alterations to the existing valve housing or connecting surfaces.  

¶ Reduced complexity: The new design should aim for simplicity. A mechanism with less parts has 

less potential to break and is easier to maintain.  

¶ Cost comparable: hǳǊ ǘŜŀƳΩǎ ŘŜǎƛƎƴ ǎƘƻǳƭŘ ŀƛƳ ǘƻ ōŜ ŎƻƳǇŀǊŀōƭŜ in costs to ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ 

design. This means no exotic materials or uncommon manufacturing processes should be used.     

3.6 Customer Needs & Wants Summary 
The customer needs, wants, and design considerations are summarized in Table 1. Many of the listed 

items have some interdependence. The customer needs will be prioritized for the final design. 

Table 1. Summary of Customer Wants, Needs, and Design Considerations 

Customer Needs Customer Wants Design Considerations 

Reduced pressure loss Adaptable design 
/ƻƳǇŀǘƛōƭŜ ǿƛǘƘ ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ 

design 

Maintains static pressure 
differential 

Designed for manufacturability Reduced complexity 

Mechanically driven Adapt design of DC to RP setup Cost comparable 

Meets industry standard 
(As listed in Section 2.3) 

  

 

To empirically test that the Customer Needs are achieved, the project team will be using various test 

bench setups and άǿŜǘέ ǘesting lines ƘƻǳǎŜŘ ǿƛǘƘƛƴ ½ǳǊƴΩǎ tŀǎƻ wƻōƭŜǎ ƭƻŎŀǘƛƻƴ.  
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3.7 Quality Function Deployment Process 
To better define the problem being addressed in this project, our team used a Quality Function 

Deployment (QFD) process. The QFD method is used to translate the customer needs, wants, and 

thoughts into engineering specifications which can be measured and evaluated. Our team utilized a QFD 

tool called the House of Quality which can be seen in Appendix D ς House of Quality.  

From our QFD process, we have found engineering specifications to meet each customer need. The 

team was able to match the customer wants and needs either directly or indirectly through the 

specifications listed in Table 2. 

Table 2. Engineering Specifications Table 

Specification 
No. 

Engineering 
Specification 

Description 
Requirement 

or Target 
Risk Compliance 

1. Pressure Loss 
< Current 
Product 

< 5 PSI. loss High 
Test, 

Analysis 

2. Size 
Fits within 

current housing 
+-0.005 in Medium Inspect 

3. 
Maximum Allowable 

Water Pressure 
(MAWP) 

175 psi Min. Low Test 

4. 

Maximum Allowable 
Working 

Temperature 
(MAWT) 

180°F Min. Low Test 

5. 
Static Pressure 

Differential 

7 psi /valve (RP) 

2 psi/valve (DC) 
Min. High Test 

6. Assembly Time 
Җ current 
product 

Max. Medium Inspect 

7. Cracking Pressure 
= to Current 

Products 
Min. Medium Test 

 

The engineering specifications have associated risks, from low to high. High risk specifications are 

considered the most challenging for the team to complete. Reducing the pressure loss and holding the 

static differential requirement is critical for the design to be successful. In the compliance category, the 

method of verifying each ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƛǎ ƭƛǎǘŜŘΦ ά¢Ŝǎǘέ ƳŜŀƴǎ ŦƻǊƳŀƭ ǘŜǎǘƛƴƎ ǿƛƭƭ ōŜ ŘƻƴŜΣ ƭƛƪŜƭȅ ŀǘ ½ǳǊƴΩǎ 

facility. άLƴǎǇŜŎǘέ will be a go/no-go compliance check. άAnalysisέ ƳŜŀƴs the specification will be 

investigated through computer programs or studies such as FEA and CFD.  

The engineering specification for pressure loss refers to the change in pressure across the valve due to 

friction losses, measured in pounds of pressure difference between the inlet and outlet of the valve. The 

current Zurn design has a pressure loss of 5 PSI per valve, so to have a successful design our valve must 

have less than this value. The size specification of the valve is intended to keep the new design within 

reasonable size constraints to allow for an easy transition to the new valve. The maximum allowable 

water pressure and water temperatures (MAWP and MAWT) are the values of the extreme maximum 

conditions the valve is expected to fully operate before failure. The valve our team designs should be 

able to meet these specifications to be competitive with the current design and to meet industry 

standards. The assembly time specification is intended to keep the valve economically competitive and 
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of lower priority than many of the other specifications. The cracking pressure specification refers to the 

amount of pressure differential needed to change the valve from its normally closed state to the open 

state. This is an important value for piping system designers and needs to be equal to the cracking 

pressure required foǊ ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ ƛƴ-line spring check valve. 

The results of the QFD predict that the most important characteristics of the project are as follows: 

¶ Maintain Desired Cracking Pressure (@ 18% Relative Weight [RW] of QFD) 

¶ Minimize # of components (@ 14% RW) 

¶ Reduce Pressure Loss (@ 13% RW) 

¶ Reduce Assembly Time (@ 14% RW) 

It should be noted that after further discussion with Mr. Yale, the objectives of reduced assembly time 

and component count/complexity, that ŀǇǇŜŀǊ ǘƻ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ŎŀǘŜƎƻǊȅ ƻŦ ά5ŜǎƛƎƴ ŦƻǊ 

aŀƴǳŦŀŎǘǳǊŀōƛƭƛǘȅ ό5CaύΣέ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ǿŀƴǘ ƳƻǊŜ ǘƘŀƴ ŀ ƴŜŜŘΦ Therefore, the team will still target 

the maintenance of desired cracking pressures for the Double Check configuration as a priority need, as 

well as reducing the pressure loss of the new design. 
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4.0 Concept Development 
This section serves as an overview of the ideation, concept prototyping, and design selection progress. 

In this section, the project team provides a list of the ideation methods used, along with examples of 

some of the concept sketches and prototypes developed. Idea refinement and selection was performed 

using a design matrix, and preliminary rough CAD models were produced to begin exploring some of the 

selected design elements. After the Preliminary Design Review the team decided to pursue a two 

different concept designs to test and compare the effectiveness of each model. These two design paths 

and their performance will be discussed. 

4.1 Ideation Processes 
The following section describes the several ideation methods the team used to generate large amounts 

of simple, isolated concepts that could later be developed or combined. By the end of the ideation 

period of the design cycle, decision-making tools such as a weighted decision matrix were used to select 

the most viable designs for further refinement.  

4.1.1 Functional Decomposition, Brainstorming, & Brainwriting 

To make use of the goals developed during the Scope of Work in terms of check valve operation, our 

team used functional decomposition sessions to break down the goals of the project into manageable 

aspects that were targeted individually. The broken-down characteristics included minimizing activation 

force, changing the entry/exit shape, and reducing flow resistance.  

After functional decomposition was completed, a series of brainstorming and brainwriting sessions were 

conducted to further develop the design challenges identified. These exercises included the production 

of sketches that attempt to solve the design challenges listed. 

Since the team consists of 3 members, the commonly-ǳǎŜŘ ά.ǊŀƛƴǿǊƛǘƛƴƎ с-3-рέ ƳŜǘƘƻŘΣ ƳŜŀƴƛƴƎ с 

members, producing 3 ideas each, in 5 minutes, was adapted to 3-3-5. Each Brainwriting table took a 

main function from the functional decomposition results as the problem statement. Then, each member 

provided ideas on how to solve or improve such issues. After several Brainwriting sessions were 

conducted, some of the recurring ideas or concepts were used in formulating the design options listed 

within our design matrix, detailed in Table 6. 

In Table 3, team member brainwriting results are ǇǊƻǾƛŘŜŘ ŦƻǊ ŀǘǘŜƳǇǘƛƴƎ ǘƻ άwŜŘǳŎŜ Cƭƻǿ wŜǎƛǎǘŀƴŎŜΦέ 

Pressure loss reduction is important to the overall success of the valve design since pressure loss is 

considered by the industry to be a critical performance indicator.  

One recurring idea involved using an aperture-style, or origami-folding valve that would be able to 

completely clear the flow path of the water passing through the assembly. Since most conventional 

designs involve a large object or assembly of parts that obstruct water flow, having a valve that removes 

itself completely from the flow path, much like a gate valve, would produce low pressure loss. 
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Table 3. Flow Resistance Brainwriting Results 

Problem: How to Reduce Flow Resistance? 

Member: Idea 1: Idea 2: Idea 3: 

Jess Conical Valve Gate Valving Aperture Valve 

Skylar Smooth contouring Origami Valve Laminar flow 
production 

Alec Smooth material Channeling flow Use of internal airfoils 

 

In Table 4, ǘŜŀƳ ƳŜƳōŜǊ ōǊŀƛƴǿǊƛǘƛƴƎ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ŀǘǘŜƳǇǘƛƴƎ ǘƻ άaƛƴƛƳƛȊŜ ǘƘŜ ŦƻǊŎŜ 

required for open-valve flowΦέ All energy used to maintain the open state of the valve after cracking 

pressure has been exceeded is considered wasted energy. Thus, allowing the water to maintain as much 

energy as possible during open flow conditions is an important goal to meet. Here, a compound or 

multi-link spring system proved popular. The concept would involve using multiple springs to allow for 

varying spring forces at different times during the valve stroke. That is to say, the valve can experience a 

multitude of spring force constants as distance traveled changes. This concept was further refined to be 

operable in a translational, or rotational nature. Further visualization of these two design paths is 

presented in Figure 19 and Figure 20. 

Table 4. Flow Force Brainwriting Results 

Problem: How to Minimize Open Flow Force? 

Member: Idea 1: Idea 2: Idea 3: 

Jess Self-closing orifices Rail-slider Multi-link pivot 

Skylar Ratcheting system Use gravity Mechanical Advantage 

Alec Locking pins Compound spring Torsional latch 

 

In Table 5Σ ǘŜŀƳ ƳŜƳōŜǊ ōǊŀƛƴǿǊƛǘƛƴƎ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ά/ƘŀƴƎŜ ǘƘŜ 9ƴǘǊȅκ9Ȅƛǘ 

Shape of the Valve BodyΦέ This functional decomposition result was thought to be important since 

reducing the cross-ǎŜŎǘƛƻƴŀƭ ŀǊŜŀ ǘƘŀǘ ǘƘŜ ǿŀǘŜǊ Ŧƭƻǿ άǎŜŜǎέ ƛƴ ƛǘǎ Ŧƭƻǿ ǇŀǘƘ ǘǊŀƴǎƭŀǘŜǎ ǘƻ ƎǊŜŀǘŜǊ Ŧƭƻǿ 

capacity and lower pressure drop. The brainwriting results pointed to designs that involved either 

άŦƭƛǇǇƛƴƎέ the valve via a system of rails & guide channels, or a multi-face valve, such as a double-disk 

valve or butterfly valve. 

Table 5. Entry/Exit Shape Brainwriting Results 

Problem: How to Change Entry/Exit Shape? 

Member: Idea 1: Idea 2: Idea 3: 

Jess Aperture design Rotating Valve seat Origami Valve 

Skylar double-flap Origami Valve Overlapping valve flaps 

Alec Non-constant orifice 
sizes 

Compound Movement 
Valve 

Flexible housing 
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4.1.2 Concept Prototyping Session 

The figures presented in this section are the result of a concept design session using craft and low-cost 

materials. The purpose of this exercise was to take the large number of design ideas and generations 

from the ideation sessions described in Section 4.1.1 and produce low-resolution concept models that 

could allow for better visualization and description of a certain idea. These models serve as 

representations of isolated functions of what the final design might entail. 

4.2 Initial Concept Sketches 
From our initial ideation sessions, we made more detailed sketches of our top ideas. The top ideas the 

team selected to detail out were the Folding Aperture, Modified Double-Disk, Sliding Rail, and the 

Counter Weighted Lever Swing. These designs were selected because they either will reduce the drag of 

the closing mechanism or they will take less force to hold open than the current Zurn design. These 

designs all have significantly different forms and their effectiveness of their ability to reduce pressure 

loss is best determined in real test conditions.  

4.2.1 Aperture Check Valve 

The inspiration for this valve, shown in Figure 11, was a camera aperture mechanism. The primary 

benefit of this design is that when it is in the full-open position there is no obstruction of flow. The valve 

would have losses close to that of an equivalent length of pipe, assuming the entrance and exit regions 

of the valve line up with the internal diameter of the adjoined piping. The difficulty of this design is 

determining how to have the valve actuate from a closed to an open position based on pressure and 

flow direction using mechanical elements. Another main concern is that sealing with multiple elements 

could be difficult. Through prototyping we found that finding a material that properly seals while 

allowing the sliding of the aperture elements is difficult to find. Similar ideas we considered involved 

folding mechanisms akin to origami. Upon further investigation, we decided most of these were 

variations of the aperture or double-disk designs.  

 

Figure 11. Sketch of aperture-inspired check valve design 
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4.2.2 Modified Double-disk Check Valve 

This design is based on the existing double-disk check valve design. The details of operation and 

functionality of this valve were previously described in Section 2.3.3 and are shown in Figure 12. The 

primary difference in this design as compared to a standard double-disk wafer check valve is that it 

could utilize a compound spring mechanism. The compound spring mechanism would allow the holding 

pressure of the valve to be reduced as the valve opens more. Zurn has an inline check valve that utilizes 

a set of rollers and spring bar to create a compound spring element. An adaption of this existing design 

could be used on a double-disk check valve combining the positive aspects of each design 

 

Figure 12. Concept sketch of double-disk design. 

4.2.3 Sliding Rail Check Valve 

This design involves having the poppet mounted on rails that would slide and rotate in and out of the 

closed and open position. When the valve is in the fully open position the poppet is completely parallel 

to the flow direction thus minimizing the obstruction of the flow and reducing pressure loss. Figure 13 

shows the valve as it would rotate from the closed position (vertical to flow) to the open position 

(horizontal to flow). 
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Figure 13. Sliding Rail Sketch 

4.2.4 Counter Weighted Lever Swing Check Valve 

This design is based on a typical swing check valve with the addition of a lever arm with a weight. The 

lever arm and weight help offset the center of gravity of the swing assembly. By pushing the center of 

gravity further away from the point of rotation we take advantage of the lever arm. As the valve opens 

the weight and thus the center of gravity shifts closer to the point of rotation reducing the amount of 

torque. This, in turn, reduces the amount of force required to hold the valve open and reducing pressure 

loss. Figure 14 shows this aspect of the design.  

 

Figure 14. Counter-Weight Swing Check Sketch 

4.3 Concept Selection & Weighted Decision Matrix 
The top five selected concept designs were chosen because they each represented a major category of 

each of the ideated concepts. Each operates differently and can be refined through future iterations. 

The benefits and drawbacks of the selected designs are considered concerning to ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ мΦрέ 

diameter in-line spring check valve. These top designs were also chosen because we think they might be 

most effective at reducing pressure loss, either by introducing a non-linear opening mechanism or by 

reducing the cross-sectional area of the valve when in an open state. The top designs were then placed 

in a Decision Matrix seen in Table 6. The matrix rates the designs according to criteria set by customer 

needs and wants. 
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Table 6. Decision Matrix comparing top conceptual designs. 

Criteria Weight 

Design Option 

Aperture 
Double-Disk 

Mod 
Nonlinear 

Link 
Rail Slider Lever Swing 

Score Total 
 

Score 
Total 

 
Score 

Total 
 

Score 
Total 

 
Score 

Total 

Minimize Open-
State Force 

4 3 12 3 12 5 20 3 12 5 20 

Minimize 
Component # 

2 1 2 4 8 2 4 3 6 3 6 

Reduce Pressure 
Loss 

5 5 25 4 20 3 15 3 15 4 20 

Reduce Assembly 
Time 

2 1 2 3 6 1 2 3 6 2 4 

Ease of Design 
Scalability 

3 3 9 4 12 3 9 3 9 2 6 

TOTAL: 50 58 50 48 56 

 

The outcome of the matrix ranked the designs as follows: double-disk adaptations and counterweighted 

swing check as most likely to meet the customer needs. These were followed by the folding aperture, 

Non-linear linkage, and sliding rail. The double-disk and counterweighted check valve designs are ranked 

best is because they are expected to reduce pressure loss more than other designs since they are similar 

to patents and conventional designs. Another key criterion ranks how well each design might minimize 

the force required to hold the valve in its open state. This favored the designs that utilized mechanical 

advantage. One criterion that was not explicitly considered in Table 6 is the consistency of sealing for 

each valve. This can be speculated however the team believes this will be best understood through 

reliability testing for each design. The designs that were chosen for modeling are the double-disk 

adaptation, the non-linear linkage, and the folding/aperture design. These designs were chosen for 

prototyping because we wanted to better understand how they would function.  

4.4 Concept CAD & Preliminary Calculations 
After deciding upon the top designs, the team made rough CAD models. Three of the designs are shown 

in Figure 15.  The team also did some preliminary calculations to determine the static loading on the 

double-ŎƘŜŎƪ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ŘŜǎƛƎƴ ǘƻ ½ǳǊƴΩǎ ƛƴƭƛƴŜ ǎpring valve design.  
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Figure 15. Isometric views of the top concept designs. 

 

4.4.1 Modified Double-Disk 

The concept CAD model for the double-disk adaptation is shown in detail in Figure 16. The benefit of 

this design is that it nearly eliminates all obstruction of flow when it is open. Another benefit is the 

ǾŀƭǾŜΩǎ symmetric nature, allowing for streamlined manufacturing and component design over non-

symmetrical design. The valve requires only one degree of freedom, rotation about the axis of the 

linkage pin, reducing the overall mechanical complexity and risk of premature mechanical failure. One of 

our adaptations is to start the disks at a steeper angle than is conventional to decrease the amount of 

travel necessary to reach a fully open state. The diameter of the disks, when spread out, is larger than 

the internal diameter of the pipe, ideally minimizing sealing issues. This was tested at a later phase of 

the design process. The purple disks and gray central mount would be made of conventional plastic and 

the pin through it all would be a corrosion-resistant metal. This design would meet all customer 

requirements if standard materials are used and the proper spring rates are selected. The double-disk 

design is known in industry to have lower pressure losses than an in-line spring design.     

To meet the closing pressure for the double-disk the spring, each half-disk for this cross-sectional flow 

area would require a spring rate of k =2.22lb/in. Lƴ ŎƻƳǇŀǊƛǎƻƴΣ ½ǳǊƴΩǎ ŎǳǊǊŜƴǘ ƛƴ-line check has a spring 

force of k = 4.43 lb/in. An advantage of the double-disk is that each spring would be smaller and 

relatively more flexible, allowing it to be placed in locations that minimize the blockage of the flow. As 

noted by Mr. Corral in a conversation, the main drawback of the double-disk is that it has a higher 

potential for incomplete seating, and which leads to issues with sealing during backflow conditions. 
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Figure 16. Adaptation of the double-disk design CAD. 

4.4.2 Aperture Style Design 

The next design was inspired by the way that rotation moves the pieces of the camera aperture away 

from the closed position. The aperture-style check valve can be seen in Figure 17. The benefit to this 

design is that it could fully remove any obstruction to the flow path. However, it is also complicated and 

there is more room for issues to arise with the high number of parts. The valve would meet all 

engineering specifications and customer requirements, especially those regarding pressure loss. The 

only concern with meeting specifications is that the assembly time would be high and the mechanism to 

regulate the cracking pressure is not fully defined yet.  

 

 

 

Figure 17. Camera aperture-inspired design CAD. 
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