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Abstract

This report is to serve adiaal design review andpdate to the project sponsors at Zurn Wik for the
Check ¥lve Design Senior Projedthesenior project team was tasked with improving upon the design

of ZumWwilkinQ o6 O1 Ft 26 LINBGSy A 2 ypipesihyreddang the plegsig ldsy |
created by the checkalves within the dohble check backflow assembly. Tinéormation contained in

this report builds & the information contained in th€riticalDesign Report@DR), as well as feedback

and further investigation suggested during an Intermediary DesgyreR. Based ortonclusionsrbm

the CDRour team settled on developingne main design, referred to as the douldlisk check valve.

The goal of this design is to use the mechanical advantage adidwating haldisk poppets connected

to a central hinge to allow for gater crosssectional flow area during open flow conditigmeducing
pressure loss for each check valve.

Thisreport explains thedecisionbehindthe double-diskdesignand includes discussion alesign
alternatives that wereconsidered Our teamprovides analysis of data defending the final design
direction, manufacturingplans materialselectionsanticipated costsand the results of iterative testing
of various prototypesPrior toMarch 18", 2020, our team anticipate usingthe remaining monthsof

the projectto iterate upon the doubledisk design through prototyping and testing at @ZWilkiy & Q ¢ S
lab facility.Due to the COVHD9 pandemicthe teamhasneededto modify the scope of the project. The
doubledisk design wamsteadfinalizedusinganalytical methodsHowever, due to health restrictions

the team was not able to manufacture a model of thisposeddesign.We wereable to work with our
sponsor at Zurmo haveone final prototype ¢sted tohelp validateour models. The fial design

proposed by the team is a culmination of ttesting, research, and analysis performed over the course
of this project ad is intended to serve as a steppistpne for futurework in the reduction of pressure
loss in the double check backflow essbly foro én ¢ RA I YSGSNJ aeadaSvyao

RA
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1.0Introduction

The purpose of this report is to present thiral design for sponsoapproval bythe senior project team
assigned to the Check Valve Design challenge for Zurn Wilkins in Paso Rollesyy@fviewwill be
presented on topics discussed in the preliminary design review, includiaganation othe
objectives,conceptual prototypeprocess, preliminary desigtgstingplan, and design paths considered
The report includes the results of testing and analysis usdige development of the final desigmhis
documentalsoincludes an overview of how the team manages progress and aountabilityfor the
project.

Zurn Wilkins is enanufacturer of water and plumbing solutions, targetic@mmercial, industrial, and
municipal marketsOne of their many product groups includes water safety deyicese specifically,
backflow prevention asmblies. These devices are placed in series with an existing water supply line
that feedanything from single rooms in a house, to entire commercial complexes. Wbdow of

water is stoppedr even reversegdthe backflow preventer closes amternal valve that prevents any
downstream ontamination from traveling upstreanfrigurel represents a crossection view of the
internals ofa double-check valve

B T | ¥ T

| B st

Figurel. Cross Section of a Doulleeck Backflow Preventer

Zurn has proposed a project thaims to design a new type of mechanically actuated backflow
prevention system, focusing on the checdve Thenewdesign should improve upon existing Zurn
check valve designs by minimizing pressure dogkbe scalableto different diameter valve assemblies
NI y3aAy3a FNBY o0é¢ G2 wué

In addition to offering engineering oversig@yurnprovides the teamecesstotheitg S ¢ (1 Sa G Ay 3
facility. Qualities such as pressure loss, differential pressure holding, and material integrity (burst/leak
pressures) can be testad the lab. Zurn also progés the opportunity for irhouserapid prototypingvia

two liquid/laser 3D printes.

The project team assigned to Zwronsists of three mechanical engineering undergraduakhe team

assigned to this projegiarticipatedin three consecutive quarters of senior project mentorship kaiml

instruction. By June 2020, the team is expedteg@resent allprojectdeliverables to the sponsor arille
project.



Neartheendof I f EQRAwinterduarterterm, the unfortunateconsequencesf the COVIEL9
outbreak began to affect criticaperationsof the campusincluding learning activities and projeots-
campus travelon-campus resourcesna overall access tabs and facilities were eventually suspended
for the remainder othe academic yeaiSince this project is heavily reliant upon theegperimenta

test resultsdrivingthe critical design changes of the next prototype iteration, havinginect access to
experimental testing or rapid prototyping severelgdercutsthisiterative testingcycle.

These impacts have prevented our team from completing project with thedeliverables anticipated

at the time of presentingthe Critical Design Review (CP®fich includes a fullfunctioning prototype

that could operatesimilar to a production modellhe team was not able to manufacture a model that
includesproper sealingandbackflow preventiong KA OK gl a (G2 0S (GSaiSR Ay %%daN

As a workaround, oueam and sponsors at Zuagreed on mdifyingthe scope of the projecOur

team was to 8e theremaining project time to provide sound faundation r the use of the double
disk check valve design in backflow prevention assembidiesomputational fluid dynamics (CFD)
modeling andanalytical methodsAfter working with our sponsor tcomplet one final prototype the
test data proedthat the doubledisk is capable of reducing pressure |&3s team is confidenthat the
projectcan act as a foundation for Zuwdilkinsengineers to integrate the doubléisk check valve into a
fully-functioning product intended for war supply lines



2.0Background

Any project requires sufficient knowledge of the system/environment thétvolves the product or
service to be providedVultiple sources were used to research background informatpatent history,
and current induBy devicedesigns.

2.1Existing Designs and Patent Research

A theck valves a valve that allows fluid flow in only one direction. fEhare a wide variety of check
valvesused invarious applicationseach with unique performance characteristitssted below are a
few of the existing types of check vahasd a brief description of their operatioapplications,
performance and limitations.

2.1.1Swing Check Valve

A swing check valve contains a disat swings on a hinge ohaft. A crosssection of two styles of swing
checks is shown iRigure2. The disc swings off the valve seat to alfmmvard flow. When the flow is
stopped, the disswingsback onto the seat to block reverse flo@ften a levefweight or a levefispring
combinationis mounted tothe disk toachieveimprovedperformance Although swing check valves
come in various sizethey are typicallysed in largediameterlines A common issue for swing check
valves is water hammelt can occur when thdisk closes rapidly arabruptly stopsthe flow. This
caugsa surge in pressunhat canresult inhigh velocity shock wavesdplae alarge stres®n the

piping in the systemot S NNE Qa 8
N
b

Figure2. Swing Check ValgéCrane)

2.1.2 Tilting Disk Check Valve

A tilting disk check valve is very similar to a swing check walvdiffers in thatthe pivotis in the middle

of the gate A crosssection view is showim Figure3. These valves may be installed in a horizonta lin

or in lines in which the flow is vertically upward. Compared with swing check valves of the sathe size
pressure dropn tilting disc valves less at low velocities but greater at high velocitidsese valves can
close quickly at the instant the floreversescot S NNE Q & 6
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Figure3. 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 hafflates 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 negtise drag as can be sedn
Figure4. If the pressure is not high enough the valve may not fully open and have a larger pressure loss
as compared tather valves. In addition to a rise in energy consumption, insufficient flow velocity can
wear the valve prematurelyl'his can lead to issues with propraling especially when used in vertical
orientations were additional spring force is necessary @ #ge valve against gravitjfSotoodel} They

are also sometimes known as butterfiywafer check valve$2016 ASHRAE]

Figure4. Dual Disk Check Valve (US Valve)

2.1.4 Lift Check Valve

Lift check valves have a bodgsignlike a globe or angle valve body with a similar disk seatingross
section view of two styles of lift valves can be seeRifureb. 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 valvessacemmended for ggsompressed ajror in fluid

systems not having critical pressure drof2016 ASHRAE]



Figureb. Lift Check Valves

2.1.5Inline SprindCheck Valve

Inline springloadedcheck valves are common and haviaialy simple designWhen flow enters the

inlet port of the valveit musthaveenough pressuré overcome the cracking pressuaed theforce of

the spring. Once overcome, it pushes the disk oped allows fluido flow through the valveas shown

by Figure6. When the pressure is no longer high enoughthere is a backpressure, the spring
compresses the disc against the seal and shuts the vaheespring and the short travel distance allow
for quick reclosing time when the pressure is gofficient This design also helps avoid pressure surges
inthe line and thus prevents water hammerhey can be installed in the vertical or horizontal positions.
They typically havpoor pressure loss performancgncethe flow mustovercome the force of the

spring and the disk remains in the flow path.

Figure6. Inline Spring Check Val#S Valve)

2.1.6 Backflow Direct Dudiction Check

o] Dl

TheDual O A2y / KSOlxn A& | O2YLRdyR Y208YS8yi OKSO]
4Y CA

2F 0KS @rt@gS Oy 0SS aSLINY¥GSR Ayid2 G¢2 LKIA
separation occurs between the valve and the valve sBa initial movement of the valve is very
beneficial for consistent sealing and the holding of pressure differenfiakn, 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 dropfs\fidl
achieved and for thevalve to effectively distance itself away more than a simpliénm check valve

S
S



could do.Figure?7 illustrates a sideriew of the check valve assembly, witfe valve entering the
rotation phase of the strokgUS 8,875,733)

302 <
A
— 1504

FIG. 6C

Figure7. Dual Action Check Valve, Adapted fid& 8,875,733ig. 6C

2.2 Patent Research

A list of releant patents is listed ilppendixA ¢ Patent Table however, there are two of thesalesigns
that we find most interestingvith regardsto the design challenge

T

iy

= ?i “'E'\\I
kD)

Figure8. Variable Opening Force Ch&ve.

Thecheck valve havingvariableopeningforce threshold (US 6648013 B&hown inFigures§, is
noteworthy because the desigreduces the amount of force necessary to open the valve as the fluid
flow rate increasesThis reduction in pressure loss is of interest to our tefRay, Ernest B.]



Figure9. Flapper Check Valve patent design.

Theflapper check valvé5050293) shown inFigure9, is of interest to the team because isesthe
mechanical advantagef lever arms to hold the valve in a closed positidtilizing a lever arnis a
potential solution to our design problerfiin, Ping, and Rand Ackroyd]

2.3 List of Applicable Industry Codes, Standards, and Regulations
There aremany standardsindustry codes and regulatiossirrounding valves, backflow prevention

assemblies, and check valvi®ée have listed some of the most relevdigiow. SeeAppendixB C

Applicable Industry Codes, Standards, & Regulatiémrsa more detailed explanation efach standard.
Appendix C; Glossaryalso provides a glossary for common technical terms used in the field of backflow
prevention and pipe flow.

1
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ASME B16.34

ASSE 1015

CSA B64.5

AWWA C5147

Cal OSHA Title 8, Subchapter 7, Graufsrficle 9, 83363(h)

USC Foundation for Cre€®nnection Control and Hydraulic Research Manual of Cross
Connection ControlTenthEdition



3.00Dbjectives

Due to theconditions and changes of plans caused by CQ9]Ehe objectives ahis project have
changed substantially. ‘€se changed includeow much improvement to the current design was
forecasted from CDR to the end of the project, aviichengineering specificationgere quantitatively
met with the laest-developed pototype.

3.1 Problem Statement

Zurn Wilkins, a plumbing parts manufacturing compasyequesting a new check valve design that uses
mechanical advantage and fluid dynamic principles to reduce pressure loss comparative to their existing
products. This design mustemst industry standards for water supply backflow prevention.

3.2 Boundary Diagram

The boundary diagram for this project can be seeRigure10.h dzNJ 4 S| YQ& 62NJ] F2NJ 0 KA
remain within the boundary of thealveK 2 dza A y 3 A it piadizNIhesiVe Willnead®

O2 y a A RS NJ iitéfice With thechgk @adve enosure(housing)the test plugs, and the sealing
surfacesconnecting the check valve to the isolation ball valmegither end.
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LD

Checle ~Vnlve
enclosure

I,)a \—»{'{""‘
Zall ~velt

TSQ \‘\'ﬁW\ j ' t Rt i d et Sces et _.,_-

%q(l - v«-!vc Va\vc EDAP')/ st‘\ mz

FigurelO. Boundary Diagram Sketch

3.3 Customer Needs
The main customer for this project is Zurn kMik. Thanajor customemeedsfall withinthe category of
improving performance.The customer needs are as follows:

1 Reduce the pressure los3he current produchaspressure losslue tothe inline disadisrupting
the flow path

1 Maintain a staticpressure differential A minimum pressure differentifletween the inflow and
outflow of the checlvalve This requirement isrucialto the functionality of the check valve to
preventbackflow

1 Mechanically drivenThe check valve muspen and close using only mechanicaans.

1 Meetsindustry requirements:This includes flow, pressure, and safety regulations for backflow
prevention devices



o Water compliant materials The design must be made wfaterialsthat will notrust or
corrode.

3.4 Customer Wants

Customer wants are design criteria that are important to take into consideratioiwould improve the
quality of the designCustomemwantsareimportantfor the function of the design and amonsidered
lower priority than customer needs. The customer wants are listed below:

1 Adaptable designThe design should be able to fit within backflow systems between 3/4" and
2" in diameter The desigrshouldalso be able to scalk® the various standard pipe diameters
g AGKAY H#rgewnile mairgaining proper functionality.

1 Manufacturability: The ease of manufacturing the design should be taken into consideration
throughout the development process. Designs that are sirapl 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.

1 Horizontal or vertical positionThe 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 ttesign process, but not required for a successful
product.

f /2YLI GAOES 6AGK YrHeNgecshoul®uzdiRBoswap BubtheinanydEsign for
the existing one without making alterations tie existing valve housing connectingsurfaces.

1 Reduced complexityThe new design should aim for simplicity. A mechanism with less parts has
less potential to break and is easier to maintain.

f Costcomparableh dzNJ S+ YQ& RS&aA3dy &Kok bWy Q&2 OdzZEND ¢ i |
design. This means no exotic materials or uncommon manufacturing procgesdd be used.

3.6 Customer Needs & Wants Summary
The customer neeg] wants, and design consideratioage summarized iMablel. Many of the listed
items have some interdependencée customer needwill be prioritized for the final design.

Tablel. Summary of Customer Wants, Needs, and Desigsidavations

Customer Needs Customer Wants Design Considerations
Reduced pressure loss Adaptable design Je ik o A.O LE ga
design
Mamtamsstaﬂg pressure Designed for manufacturability Reduced complexity
differential
Mechanically driven Adapt design of DC to RP sety Cost comparable

Meets industry standard
(As listed in Section 2.

Toempirically test that the Customer Needs are achieved, the project team will be using various test
bench setups and ¢ S éstinglinek 2 dza SR A G KAY %d2Ny Qa tl a2z w2of Sa f
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3.7 Quality Function Deploymefmtrocess

To better define the problem beingddressed in this project, our team used a Quality Function
Deployment (QFD) process. The Qfé&hod is used tdranslatethe customer needs, wants, and
thoughts intoengineering specifications which can be measured and evalu@edteam utilized a QFD
tool called the House of Quality whichn be seen idppendixD ¢ House of Qualiy.

From our QFD pcesswe have found engineering specifications to meet each customer riéed.
team was able to mtchthe customer wants and neeckither directly or indirectly through the
specificationdisted inTable2.

Table2. Engineering Specifications Table

<Qurrent . Test,
1. Pressure Loss Product <5PSlloss High Analysis
2. Size Fits W'thm. +0.005in Medium Inspect
current housing
Maximum Allowable
3. Water Pressure 175 psi Min. Low Test
(MAWP)
Maximum Allowable
4, Working 180°F Min. Low Test
Temperature
(MAWT)
Static Pressure | 7 psi /valve (RP i )
Differential 2 psilvalve (DC) Min. High Test
Assembly Time Hurrent Max. Medium Inspect
product
7. Cracking Pressure =to Current Min. Medium Test
Products

Theengineering specificatiortzave associatedsks, from low to highHighrisk sgecificationsare

considered the most challenging for the team to compl&educing the pressure loaadholding the

static differential requiremenis critical for the design to be successflil the compliance category, the
method of verifyingeach LISOA FA Ol GA2Yy A& fA&AGSRd 4¢Saité YSIya
facility. & L y & wibbd @ go/nogocompliance checldAnalysis Y Sthegpecification will be

investigated througltomputerprogramsor studies such as FEAdCFD.

The engineering specification for pressure lafers to thechange in pressure across the valve due to
friction lossesmeasured in pounds of pressurefdifence between the inlet and outlet of the valve. The
current Zurn design has a pressure loss BSJper valve, so to have a successful design our valve must
have less than this value. The size specificaifadhe valve is intended to keep threew desgn within
reasonable size constraints to allow for an easy transition to the new vEh&emaximum allowable
water pressure angvater temperatures (MAWP and MAWT) are the values of the extreme maximum
conditions the valve is expected fially operatebefore failure The valve our team designs shoblel

able to meet these specifications bz competitive with thecurrent design and to meet industry
standardsThe assembly time specificatismintended tokeep the valve economically competitive and

10



of lower priority than many of the other specifications. The cracking pressure specification refers to the
amount of pressure differentialeeded to change the valve from its normally closed state to the open
state. Thigs an important vale for piping system designers andeds to be equal to the cracking
pressure required i) Y2 dzNJ/ Q alineGpaNgdReykivalvk. y

The results of the QRredictthat the most important characteristics of the project arefakows:

Maintain DesiredCracking Pressuré@ 18% Relative Weig[RW of QFD
Minimize # of components (@4% RW)

Reduce Pressure Ld$® 13% RW)

1 Reduce Assembly Time (@ 14% RW)

= =4 =4

It should be noted that aftefurther discussion with Mr. Yal#he objectives of reduced assembly time
andcomponent count/complexitythat | LILIS | NJ G2 FFff dzyRSNJ §KS O 1S32Ne
al ydzFl OlGdzNF 6 Af AG& o05Cavzé | NBer€ide/theiteRiS WililRardet ¢ y i Y
the maintenance oflesiredcracking pressures for the Double Check configuration as a priority ased,

well as reducing the pressure loss of the new design.
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4.0 Concept Deelopment

This section serves a overview of thedeation,concept prototyping, andesign selection progress

In this section, the project team providadist of the ideation methods used, along with examples of
some of the conceptketches angbrototypes developedidea refinementandselection was performed
using a design matrix, andreliminaryroughCADmodels were poduced to begin exploring some of the
selected design elementéfter the PreliminaryDesignReview the teamdecided to pursue &wvo

different concept designto test and compare theffectivenes ofeach modelThese two desigmpaths
and their performance will be discussed.

4.1ldeation Processes

The following section describes the several ideatimthodsthe team used to generate large amounts
of simple isolated conceptthat could later be developed or combingBly the end of the ideation
period of the design cycle, decisiomaking tools such as a weighted decision matrexe used to select
the most vable designgor further refinement.

4.1.1Functional DecompositigrBrainstorming, & Brainwriting

To make use of thgoalsdeveloped during thé&cope of Worlkn terms of check valve operatioayr
team used functional decomposition sessions to bréakn the goals of the project into manageable
aspectghat weretargetedindividually. Thebrokendown characteristics included imimizing activation
force,changing theentry/exit shape and reducingléw resistance

After functional decomposition was completed, a series of brainstorming and brainwriting sessions were
conducted to further develop thdesign challenges identified. These exercises included the production
of sketches thaattempt to solvethe design challenges listed

Since the team consists 8fmembers, theommonlydzid SR & . NI-3pyE g NASHIAKYR2ZR >c YSI y Ay 3
members, producing 3 ideas each, in 5 minutgas adapted to-3-5. Each Brainwriting table took a

mainfunction fromthe functional decomposition results as the problem statement. Then, each member
providedideas on how to solve or improve such issuter several Brainwriting sessions were

conducted, some of the recurring ideas or concepts were uséatinulating the deign options listed

within our design matrix, detailed ifable6.

In Table3, team memberbrainwritingresults ardLJNE @A RS R T 2 Nd S RidaBSy LAt Azypd wiSa Ada
Pressure loss reduction is important to the ovesaltcess athe valve design since pressure liss
considered by the industry to ke critical performance indicator.

Onerecurring idea involved usiran aperture-style, or origamiolding valve that would be able to
completely clear the flow path of the water passing through the asserifge most conventional
designs involve a largsbject or assembly of parts that obstruct water flow, havingalve that removes
itself completely from the flow path, much like a gate valve, would prodiomepressure loss.

12



Table3. 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

InTable4, 0 S+ Y YSYOSNI ONFAYSNRGAYT NBadzZ G§a | NS LINRPOARSF
required for openvalve flowd All energyused to maintairthe open state of the valve after cracking

pressure has been exceedidconsidered wasted energy. Thus, allowtmgwater to maintain as much

energy as possible during open flow conditions isn@portantgoal to meetHere, a compoud or

multi-link sprng system proved populaimhe concept would involve using multiple springs to allow for

varying spring forces at different ti,meluring thevalve stroke. That is to say, the vaban experience a

multitude of spring force constantss distance traveled emges. This concept was further refined to be

operable in a translational, or rotational natuéurther visualization of these two design patks

presented inFigurel9and Figure20.

Table4. Flow Force Brainwriting Results

Problem: Hbw to Minimize Open Flow Force?
Member: Idea 1: Idea 2: Idea 3:
Jess Selfclosingorifices Raitslider Multi-link pivot
Skylar Ratcheting system Use gravity Mechanical Advantage
Alec Locking pins Compound spring Torsional latch

InTable5Z GSFY YSYOSNIONIAYSNRGAYT NBadzZ 6& NS LINEROJAR
Shapeof the Valve Body this functional decompositiaresult was thought to be important since

reducing thecrossd SOG A2y f | NBI (&X¢ GAVIKBGI & TSNS FEI2BK a @ISy & €
capacity and lower pressure drophe brainwriting results pointed tdesigrsthat involved either

a Tt A teJalyedaa system of rails & guide chamseor amulti-face valve, suchsadoubledisk

valve or butterfly valve.

Tableb. Entry/Exit Shape Brainwriting Results

Problem: Howto Change EntrfExit Shape?
Member: Idea 1: Idea?2: Idea 3:
Jess Aperture design Rotating Valve seat Origami Valve
Skylar doubleflap Origami Valve Overlapping valve flap
Alec Non-constantorifice | Compound Movement Flexible housing
sizes Valve

13



4.1.2 Concept Prototyping Session

The figures presented in this section are the result of a concept design sassigrcraft and lowcost
materials The purpose of this exercise was to take nmgenumberof design ideas and generations
from the ideation sessions describedSection4.1.1and produce lowesolutionconcept models that
could allow for better visualization and description of a certain idbas&€models serve as
representations of isolated functions of what the final desigight entail.

4.2 Initial ConcepBketches

Fromour initialideationsessions, we made motdetailedsketches of outop ideas.The topideasthe
team selected todetail out were the Folding Aperture, Modified DouHD#sk, Sliding Rail, and the
Counter Weighted Lever Swinthese designs were selected because they eitligreduce the drag of
the closingmechanism or they will take less force to hold open thandheent Zurn designThese
designs alhavesignificantly different forms and their effectiveness of their ability to reduce pressure
loss is best determined in real test conditions.

4.2.1 ApertureCheckv/alve

The inspiration for this valyeshown inFigurell, was a camera aperture mechanism. The primary
benefit of this design is that when it is in the fapen position there is no obstruction of flow. The valve
would have losses close tioat of an equivalent length of pipe, assuming the entrance and exit regions
of the valvdine up with the internal diameter of the adjoined piping. The difficulty of this design is
determining how to have the valve actuate frarclosed to an open position based pressure and

flow direction using mechanical elemengsmother main concern is thaealing with multiple elements
could be difficult. Through prototyping we found that finding a material fratperly seals while

allowing the sliding of the apertureahents is difficult to findSmilar ideas we considered involved
folding mechanisms akin to origandpon further investigation, we decidedost of these were

variations of theaperture or doubledisk designs.

Figurell Sketch bapertureinspired check valve design
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4.2.2Modified DoublediskCheck Valve

This design is basexh the existing doublalisk check valve design.&tetails of operation and
functionality of this valvavere previouslydescribed irfection 2.3.3andare shown inFigurel2. The

primary difference in this design as compared to a standard dedislewafer check valve is that it

could utilize a compund spring mechanism. The compound spring mechanism would allow the holding
pressure of the valve to be reduced as the valve opeare. Zurn has an inline check valve that utilizes

a set of rollers and spring bar to create a compound spring elementd&ptian of this existing design
could be used on a doubldisk check valve combining the positive aspects of each design

L7777 7.

e

—_—

h\- G )

777 77

Figurel2 Concept sketch of doubdiésk design.

4.2 3 Sliding RaiCheck Valve

This design involves having theppetmounted on railghat would slide and rotate in and out of the
closed and open position. When the valve is inftllly open position thepoppet is completelyparallel
to the flow direction thus minimizing the obstriien of the flow and reducing pressure logsgurel3
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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Figurel3. Sliding Rail Sketch

4.2 4 Counter Weighted Lever Swifidneck Valve

This design ibased on a tymial 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 asseplpushing the center of
gravity further away from the point of rotation we take advantage of the larer. As the valve opens

the weight and thus the center of gravity shifi®ser to the point of rotation reducing the amount of
torque. Thisin turn, reduces the amount of force required to hold the valve open and reducing pressure
loss.Figurel4d shows this aspect of the design.

Figureld. CountefWeight Swing Check Sketch

4.3 ConceptSelection& Weighted Decision Matrix

Thetop five selectedconceptdesigns were chosen because they each represented a major catafgory
each of the ideatedonceps. Each operates differently and can be refined through future iterations.

Thebenefits and drawbacks of theselected desigsare consideredconcerningo %2dzNy Q& O dzNNB vy

diameterin-line spring check valv&hese top designs were also chosen because we think they might be
most effective at reducing pressure loss, either by introducing alimear openingnechanism or by
reducing the crossectional area of the valve when in an open state. The top designs were then placed
in a Decision Matrigeen inTable6. The matrixrates the designsaccording to criteria set by cusher

needs and warg
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Table6. Decision Matrix comparing top conceptual designs.

Design Option

o . Double-Disk Nonlinear S o .
Criteria Weight Aperture Mod 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
REEUEE AIREEUIE | 5 25| a | 20| 3 |15 3 | 15| 2 | 2
Loss
Reduce 'Assem bly 5 1 5 3 6 1 > 3 6 > 4
Time
Ease of Design 3 3 9o | a |12 3| 9|3 ]| 9] 2] s
Scalability
TOTAL: 50 58 50 48 56

The outcome of the matrix ranked the designs as follows: dedlslie adaptations andounterweighted
swing checlasmostlikely to meet the customer need$hese werdollowed by the folding aperture,
Nonlinear linkage, andliding rail The doubledisk andcounterweighted check valwdesigns are ranked
best is because they are expected to reduce pressure loss more than other daneiggibey are similar
to patents andconventionaldesigns. Another key criterion ranks how well each design might minimize
the force required to hold the valve its open state. This favored the designs that utilized mechanical
advantageOne criteron that was notexplicitly considered iffable6 is the consistency of sealing for
each valve. This can Bpeculated however the team believiss will be bestunderstoodthrough
reliability testing for each desigithe designs that were chosen for modeling are the doulid&
adaptation, the noHinear linkage, and the folding/aperture desigrhesedesigns were chosen for
prototypingbecause wevanted to bette understand how thgwould function

4.4 Concept CAD & Preliminary Calculations

After deciding upon the toplesignsthe team made rough CAD modelsrdd of thedesigns are shown

in Figurel5. The team also did some preliminary calculations to determine the static loading on the
doubleOKS Ol G2 O2YLI}I NB (KpingRafédesigyl. (2 %dz2NYy Qa AyfAyS
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Figurel5. Isometric views of the togpnceptdesigns.

4.4.1 Modified Doubldisk

The concept CAD model for the dowdlisk adaptation is showin detailin Figurel6. The benefit of
this design is that it nearly eliminates all obstruction of flow when it is op@oetherbenefitis the
@1t gBdiric natire, allowing forstreamlined manufacturing and componesigsign over non
symmetricaldesign.The valverequires only oe degree of freedomrotation aboutthe axisof the
linkage pin reducing the overall mechanical complexity and risgremature mechanical failur@ne of
our adaptations is to start the disks at a steeper angle than is convetindecrease the amount of
travel necessary to reach a fully open state. The diameter of the,disien spread outis larger than
the internal diameter of the pipeideallyminimizingsealing issued.his was tested at a later phase of
the design procesS.he purple disks and gray central mount would be made of conventional plastic and
the pin through it all would be a corrosigesistant met& This design would meet all customer
requirements ifstandard materials are used and the proper spring rates are selectedlotide-disk
design is known in industry to have lower pressure losses tharameispringdesign.

To meet the closing pssure for the doublelisk the spring, each hatliskfor this crosssectional flow

areawould require a spring rate &=2.22lb/inL Yy O2 Y LJ N& & 2 y Jine thezkJaQ @ sprdglzNNEB vy {
force ofk = 4.43 Ib/in An advantage of the doublgisk 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 dedisle is that it has higher

potential for incompleteseating,and which leads to issues with sealing during backflow conditions.
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Pivot point

Valve disk

Figurel6. Adaptation of the doublelisk design CAD.

4.4.2 Aperture Ste Design

The next design wdaspired by the way that rotatiomoves the pieces of the camera aperture away
from the closed position. Thaperture-stylecheck valve can be seenkigurel?. The benefit to this
design is thatticould fully removeany obstruction to the flow patitHowever it is also complicated and
there is more roonfor issues to arise with the high number d@rgs. The valve would meet all
engineering specifications and customer requiremertpecially those regarding pressure loss. The
only concern with meeting specifications is thia¢ assembly time would be high and threechanism to
regulate thecracking pessure is not fully defined yet.

Figurel?7. Camera aperturinspired design CAD.

19





















































































































































































































































































































































































































