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CHAPTER 1: INTRODUCTION

In an effort to reduce energy needs associatedhwitihe recycling and costs
associated with the purchase of new bottles, d lmeavery is interested in re-using
bottles. To avoid issues of solid waste accumufatigprevious bottle washing efforts
(Mata & Costa, 2001), the brewery proposes us@edial screen-printed labels on the
bottles that can withstand a minimum of 15 wasHes/(SSTC Services Du Premier
Ministre, 2000).

An existing dishwashing machine was retrofit spealfy for washing bottles.
The present study involves the design of a symmpipe flow network to replace the
bottom rotating spray arm in the existing dishwashbe piping network was designed
to uniformly distribute water for purposes of sitameously cleaning 16 bottles.
Following assembly of the flow network, it was tsfor flow uniformity prior to being
installed in the dishwasher. Once in place, theifireetidishwasher was tested to
determine its cleaning capability.

Design of the pipe flow network required simultang@analyses of mass and
energy conservation equations. Fabrication of theg network required consideration
of material-material as well as material-fluid caatipility, where the dishwashing fluid
includes harsh chemicals including sodium metaat# (Gideon, personal
communication, January 26, 2010). Testing of pusgewflow through the piping
network included (1) a catch and weigh analysigstgess the uniformity of flow
distribution through the 16 nozzles as well as tfdhe velocity of water exiting each
nozzle, and (2) the ability for the flow networkdadequately clean the bottles (Heim,

Beaudry & Hunter, 2010).



CHAPTER 2: BACKGROUND

A bottle washer is a mandatory component of a natbie bottle program. The
program involves the customer returning empty bsttthen they return to purchase
more beer. The returned bottles would be washéukitottle washer in preparation for
refilling. In principle, this program eliminatesatlamount of bottles being recycled and/or
thrown away. Returnable bottles would typicallydaet of a small scale process,
accounting for anywhere up to 20% of the total glasttles distributed. There are many
benefits for this process. The main benefit of iempénting a returnable bottle program is
a smaller environmental impact than occurs whenguson-reusable bottles. A study
was done in 2001 analyzing the environmental impaa function of the percentage of
beer bottles reused. When less than half the gtdak bottles are reusable, the reusable
bottles have a lower impact than non-reusabledsiti all categories of environmental
impact. This includes the effect on global warmamgl final solid waste. Brewing beer
contributes to global warming. Carbon dioxide is thain component of emissions that
contribute to global warming (Mata & Costa, 2002arbon dioxide is produced during
the fermentation process and is also used for ocatbw the beer. Carbon dioxide is also
commonly used to flush bottles, cans and kegs befmy are filled. When using a bottle
washer, the need for carbon dioxide is less thaenwlushing the bottles since the bottles
have already gone through a sterilization proc&ls®, in a study done in Japan, they
found that if a person switched from drinking 500lifiters of beer from a can to
drinking the same amount from a returnable battie carbon dioxide emissions would
be reduced by approximately 130 grams due to theedse of carbon dioxide used to

flush the cans. In the same study, they founditfaitthe beverage containers were



changed from cans and paper containers to retwiailles, the carbon dioxide
emissions would be reduced by about 57%. In additleere would be about 1.25
million tons less of solid waste (Edahiro, 2004)eTamount of solid waste sent to
landfills or water treatment facilities is also cesed by the use of reusable bottles.
Solid waste includes scrap metal, oil and wasta fiioe treatment plant. It also includes
any solid waste from the brewery such as brokessgbattles and packaging material.
The use of a bottle washer would reduce the upadfaging material as the bottles
would be returned, hence new bottles would notdezlad. Also no longer needed would
be the pallets and plastic wrapping in which thiélés come. While the amount of
broken bottles may increase due to the bottle waageafter multiple uses, it does not
account for a large portion of waste.

Another way the bottle return process has the pialdo better the environment
is by decreasing the amount of litter. For exam@liéson (2010) estimated that if the
United States switched entirely to a returnableléastystem, the amount of litter on the
highway could be reduced by 11.3%. Gilson propdkeatif the reusable bottles had a
sufficiently high deposit placed on them, this wbsérve as an incentive for the
customers to return the bottles. The result woel@tvincrease in the number of bottles
returned, therefore a decrease in the number debdittering the streets and highways.
Therefore, it is possible that along with a botd&irn program, the retrofit of an existing
dishwasher could be a plus to the environment, bptslowing down global warming

and also making the roads more beautiful.



CHAPTER 3: DESIGN

There are many individuals who brew beer, eithesapely or commercially on a
small-scale. There are many small breweries thatodl@urrently bottle their beer, rather
sell it only in pressurized vessels. The abilitysofall-scale brewers to bottle their beer
bottles may allow them to expand their businesghiéumore, implementing an
environmentally conscientious bottle reuse progpaovides the additional benefit of a
marketing angle for these small brewers. A simpteofit of a commercial dishwasher
will provide these brewers with an inexpensiveiceght method of preparing their
bottles for the filling process (Heim, Beaudry & iitar, 2010). The major component of
the retrofit of the dishwasher is the piping netkvddesign constraints required that 1)
the retrofit washer would clean 16 bottles simwdtausly, 2) each bottle had an
individual nozzle that would deliver water intadiiring the washing process, 3) that each
nozzle must deliver the same spray (velocity aragseh and 4) the entire retrofit be as
cost effective as possible. The flow uniformity veeefermined to be best achieved using
flow symmetry and high resistance nozzles. The cosld be minimized by using
commercially available components.

For the present situation, there were limited resesito weld the pipes together;
therefore, all of the parts had to be threadeds @howed for a quick assembly time and
allowed for all tolerances to be met.

3.1: Design Concept

A solid model of the final piping network desigmdae seen is Figure 1.



Figure 1: Complete piping network with components labeled.

Water flows from the bottom of the network, as ddby incoming water in
Figure 1, and splits equally, in the tee. Lookihg@re side of this split flow, the water
flows through a cross such that approximately tredfwater flows to the outer most
branches and approximately one-quarter of the vim@s out of each of the remaining
branches connected to the cross. The water thas flo the outer branches splits equally
between these two branches. In each branch, appatedy half of the water exits
through the inner nozzle and the remaining watewsl out of the outer nozzle.

Restricted to standardized parts, the pipe netw@dk not able to be fully
optimized in terms of pipe diameter for the curragpplication. The material used for the
crosses, tees and elbows is galvanized malleabie The material was chosen because
of its high strength as well as inexpensive coslv&hized iron has a harder finish than

the standard black finish and will ensure thatitbe will not be damaged by the



chemicals or high temperature water of the dishea@ballister, 2007). The pipe reducer
nipples, of which there are four, are made of saleed0 steel. These are the connectors
between the cross and the side branches, as mokegure 1. They scale down the inner
diameter of the cross to the final diameter offilpe segments in the side branches. This
material was chosen because of the inexpensiveandsts strength is adequate for the
given application. Schedule 40 steel is compatiate malleable iron and will not

produce a destructive reaction. The nozzles weernéstainless steel which is also
compatible with malleable iron threads. The steg$ whosen because of its resistance to
corrosion. The detergent includes sodium metagaljaghich cleans the bottles by
attaching to larger molecules and dragging thentloough the water (Material Safety
Data Sheet). Luckily this detergent does not caranly of the specified materials
because it has an anticorrosive property. Howeatveray leave deposits on stainless steel
when used with water above a temperature of 158°F.

The basic engineering design principle behind thang design is one with a high
degree of symmetry and with the nozzles havindafgest resistance to flow. This
should ensure that the water will be approximagejyal through each nozzle. Data
provided by the nozzle manufacturer specifies thssilow rate as a function of supply
pressure. This makes it possible to calculate @dosfficient for the nozzles. The
configuration of the piping network has minimumgtgi and turns in an effort to
minimize minor losses everywhere but at the nozzteaddition, the flow will
experience frictional losses through each segmiahiegiping network. The pressure
loss through the flow network can be modeled astas, similar to resistors in an

electrical network. Figure 2 illustrates the remistes within the flow network. Also



noted in Figure 2 are pressure nodes denoted Isyathot labeled by letters and pipe
segments and nozzle segments denoted by numbersiiitbers are associated with
velocities through these segments. Diameter argthespecifications for each segment
are provided in Tables 1 and 2, respectively.

3.2: Design Analysis

With knowledge of the pressure of the water supipicethe flow network, an
analysis conducted with the conservation of madscanservation of energy equations
allows for the assessment of velocity from, andsrilmsv rate through, each nozzle. For
this case, the fluid being used is water. The dgiasid viscosity of water used in the
present analyses are 983 kgjamd 0.000467 I$/ntf, respectively. The static pressure at
the location where the piping network was to benemted was measured using Water
Source M1002-4L water pressure gauge and found &£4b kPa.

Conservation of mass.

Applying the conservation of mass equations tdlthe network requires
analysis of ten control volumes. These consisthaf control volume at the cross, one
control volume at the tee and one control volumih@atbase of each of the eight nozzles
(i.e. either a 90elbow or a flow through tee). Control volumesha tross, the tee, a
flow through tee and a 9@lbow are shown as dashed lines for Figure 2.rmrob
volume shown for the pipe segment between pressdes H and J is a typical control

volume for an energy balance.



Flow (typical through each nozzle)

—
[0y Flow through te
elbo -

Figure 2: Resistance analogy in half of the piping network with pressure nodes, pipe sections and
nozzles

Table 1: Values for the diameter of each pipe segment and exit diameter of nozzles

Component Diameter (cm
Pipe Sections

d; (A to B) 1.905
dy (B to G) 1.905
d;(B to C) 1.27
ds (C to E) 1.27
d; (G to H) 1.27
dg (H to J) 1.27
Nozzles

ds (C to D) 0.218
ds (E to F) 0.218
dg(H to 1) 0.218
dic(J to K) 0.218




Table 2: Values for the length of each pipe segment and nozzle

Component Length (cm)
Pipe Sections
Li:(Ato B) 6.35
L,(Bto G) 7.62
L3 (B to C) 6.35
Ls(C to E) 7.62
L, (G to H) 6.35
Lo(H to J) 7.62
Nozzles
L4(Cto D) 2.38
Le¢ (E to F) 2.38
Ls(Htol) 2.38
Lig(J to K) 2.38

The general form of the conservation of mass eqnasi

= i, — X, (1)
which is applicable for multiple flows into and aftthe control volume. Because the
flow is steady state, i.e. independent of time time rate of change of mass within the
control volume will be equal to zero and equatibpréduces to:

xm, = Xm, )
where mass flow rates, is defined as:

m = pAv 3)
wherep is the fluid density, A is the cross-sectionairlarea and is the velocity. The
velocities in the piping network are shown as nedvas in Figure 2. Due to symmetry,

only half the flow network in Figure 2 needs todemsidered in the analysis. For the

cross centered at node B, note that flow splitsalygat 90 from the incoming flow, as

2
can be seen fromgwn either side of the tee. Substitut'mé%) for A in equation (3) and

substituting equation (3) into equation (2), thaesarvation of mass for the control

volume at the cross reduces to:
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div, = 2d%v; + d3v, 4)
where d is the inner diameter of the pipes inténsgcthe function. Similar to the cross,
the tee has one incoming flow and two outgoing ioWhe equation for the conservation
of mass for the control volume at the tee is:

div, = 2d3v, (5)

The cross and the tee are examples of componextthakie multiple exiting
flows. The first nozzle junction of a branch hag amet and two outlets while the second
nozzle junction in the branch has one inlet andautket. The conservation equations
governing mass flow for each of the control voluraethe nozzle junctions are provided
in Table 3. Unknown in each of these equationkesfliow velocity, for which
conservation of energy analyses are needed.

Table 3: Equations for the conservation of mass for the control volumes at the nozzle junctions

Nozzle Junction | Equation
d5vs = d2v, + d2vs
dé”s = d¢vs
d7v; = dgvg + d?
7V7 = Qglg 9V9

2. _ g2
dovg = digv1g

S TImo

Conservation of energy.

Similar to the conservation of mass, the consesaati energy can be applied to
each applicable control volume. For conservatioarargy analyses, ten control volumes
are considered. The ten control volumes considerecbnservation of energy analyses
are the pipe sections and the nozzles. The stdath/fsead form of the conservation of
energy equation, which accounts for minor lossesfactional head loss, is used to

compute the velocity through each segment:
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Pin vizn _ Pout vgut
7+Z+Zl_7+3+zz+hf+zhm (6)

In equation (6), z is the elevation relative to somference datuny,is the specific
gravity (i.e. density of the fluid multiplied byehacceleration due to gravityys is the

frictional head loss, ang h,,, is the sum of the minor head losses. A represeatat
control volume is shown in Figure 2 between pressiades H and J, where pressure
nodes are identified with a large black dot andtget. Because the piping network has a
horizontal orientation, the change in elevatioadsal to zero. For convenience the

equation is simplified and rearranged to:

Pin = Pout = 5 p(Weue — V&) + (hy + X hn)pg (7)
Because the diameters of the pipe segments artaob@asross a control volume, as is the
density of the fluid, the fluid velocity must albe constant. Equation (7) can now be
simplified to:
Py = Poye = (hy + X h)pg (8)
for pipe segments.
The effects of friction, known as frictional heads$, occur in all fluid flows, are a
result of the irreversible conversion of mechanerargy to thermal energy (Kaminski &
Jensen, 2005). The frictional head loss is depdratethe length and diameter of the

pipe, and on the velocity of the flow according to:

2

where f is the friction factor (White 2008). Thectron factor depends on the Reynolds

number, Re, which is the ratio between inertiadadous forces. The Reynolds number
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is used to determine whether the flow through tipe$is laminar or turbulent. The

Reynolds number is defined by:

Re = % (10)

wherey is the viscosity of the fluid. Laminar flow ismsidered smooth flow. The fluid
in a laminar flow moves orderly and parallel to giee walls. If the Reynolds number is
below 2300, the flow is assumed to be laminar. Tlert flow undergoes mixing and
fluctuations in the direction of the flow. If theeRnolds number is over 4000, the flow is
considered turbulent. If the Reynolds number isveenh 2300 and 4000, the flow is in
transition, a region or condition that is less jr&ble.

For laminar flow in a pipe with a circular crosssen, the friction factor

decreases inversely with the Reynolds number, dogpto:

f== (11)

If the flow is turbulent, the friction factor is t@mined from:

1 g/a\111 69
ﬁ =-1.8 10g ((;) + E) (12)

whereg is the roughness value. For cast irorg 0.26 mm + 50% (White, 2008).
The minor head los4,,, accounts for losses associated with the teessesoand
elbows in the piping network, and is a functiorvelocity and the minor loss coefficient,

¢, according to

2
hminor = % (13)

Empirical values of minor loss coefficients areadpd for multiple piping component
configurations (White 2008). Minor head losseg, depend upon the inlet and exit

conditions, which vary for the different componené, cross, through tee, and elbow.
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P, ® —» ® Do, Ae —»

v

Figure 3: Fluid flow through the cross

The minor loss at the cross centered about B lisganted by how fluid enters and leaves
the junction, as can be seen from Figure 3. Incgula, the minor loss at the inlet of the
cross at junction B should be included in the epexquation for the pipe section between
nodes A and B. Likewise, the minor loss at the ekthe cross at B (in the direction of
flow from B to G, noted in Figure 3b) should beluded in the energy equation for the
pipe section between nodes B and G. However, givemnticipated high flow resistance
in the nozzle, accounting for all of the minor les$n the upstream energy balance (A to
B) should not significantly alter the predicted gsere at each node. The set of
conservation of energy equations for the pipingvoet shown in Figure 2 are provided
in Table 4, where ks is the minor head loss at node B.

Table 4: Conservation of energy equations for the pipe sections and nozzles in piping network

Pipe Segment Equation
Between A and B Py — Pg = (hf1 + hya + himp)pg
Between B and C Pg — Pc = (hy3 + hinc)pg
Between C and E Pc — Pz = (hys + himp)pg
Between B and G Pg — Pg = (hsp + hymg)pg
Between G and H Pg — Py = (hy7 + hin)pg
Between H and J Py — Py = (hpo + hinj)pg
Nozzle

Between C and D Pc — Pp = (hmp)pg
Between E and F Pz — Pr = (hpmp)pg
Between H and | Py — P = (hm)pg
Between J and K P, — Py = (hmk)pg
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The minor loss coefficient and velocity used inegseng a minor loss values for each
type of component in the present study are notddbie 5. For the present work, a
numerical value of the minor loss coefficiefitand the velocityy, used to compute each
minor loss are tabulated in Table 6.

Table 5: Velocity and minor loss coefficient for piping configurations (Fried & Idelchik, 1989)

Configuration Component
Tee
<« —>  Vou Cz 2
T V=Vin
Vin
Vout || Cross
— e (=2
«— —>»  Voutl
Vin
90° Bend
T Vout
Vin —» V= Vin = Vout
T VTutl Flow Through Tee
| =2
Vin —» —> Vou || V= Vi

An empirical value for the loss coefficient of thezzles is not known. Rather a table of
flow rate versus nozzle supply pressure is provigethe nozzle manufacturer. Given a

measured static inlet pressure of 240 kPa (35 th&)¢corresponding nozzle flow rate for
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a part #SSM202 (Appendix A) as specified to be @10@/s (1.7 gal/min). For a known

nozzle exit area of 0.0027rthe velocity can be determined from the flow nagéng:

4
V= ; (14)
Using these values of velocity and pressure diapldss coefficient can be determined

using:

AP

¢= (15)

Note that the exit area was determined from thedéameter of the nozzle, which was

measured with calipers to be 2.2 +/- 0.005mm.

Table 6: Minor head loss components for the piping network

Minor head Minor loss
loss Velocity] coefficient () Component
PNma V1 2 Tee
hme V1 2 Cross
Nmc V3 2 Tee with continuing flow
hmp \/ 0.5 Nozzle
Nme Vs 1 Elbow
Nime Ve 0.5 Nozzle
hme \) 2 Tee
(I V7 2 Tee with continuing flow
A Vg 0.5 Nozzle
hm; Vg 1 Elbow
Nmk Vic 0.5 Nozzle

3.3: Piping Network Analysis

The goal of the piping network is to have a unifor@hocity of water exiting each
nozzle. Designing the network with a high degresyohmetry and with nozzles having
high flow resistance provides flow discharging fraoezles to be fairly uniform.

Although an estimate of nozzle velocity was madasgess the loss coefficient in the
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nozzles, the velocities through each segment améxh velocity from each nozzle is
calculated using the conservation equations providd able 4, conservation of mass
equations in Table 3, flow network dimensions ib[€a 1 and 2, and with knowledge of
a specified mass flow rate entering the piping oekwThe exit velocities are provided in
Table 7. For the present case, the mass flow méethe piping network is 1.46 kg/s.
The set of equations for the conservation of masgstae conservation of energy
were written as a series of equations in Engingefiquation Solver (EES, a
simultaneous equation solver. The EES code is geavin Appendix D. Note that the
Reynolds numbers were checked to confirm the assoampf turbulent flow. The
Reynolds numbers, determined by equation (10)utflreach pipe section are provided
in Table 7. Using equation (12), the turbulenttfae factor through each pipe section is
tabulated in Table 8. Using equation (9), the iimital head loss through each pipe
section is tabulated in Table 9. Using equatior) éiRl the values from Table 6, the
minor head loss through each pipe section is téddiia Table 10. All tables are located

in Appendix E.

Table 7: Exit velocity for each individual nozzle.

Nozzle Exiting velocity (m/s)
4 30.02
6 30.03
8 29.84
10 28.62
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CHAPTER 4: PIPING NETWORK ASSEMBLY

Because the piping assembly is made of standargard, the assembly was
straight forward. It was necessary that when asBegithe parts, the assembly started
with the outer most nozzles, working backwardsftow inlet (Heim, Beaudry &
Hunter, 2010). With standardized parts, it caniffecdlt to get the parts to thread the
same distance. This is easier to control whenisgafitom the outside. The branches are
the only ones that are directionally limited intttizey all have to face the same direction;
upward. The assembly of the network was accomgishith a pipe wrench so as to get
the largest force to secure the pipes. The manutast specify a distance in which the
pipes should be threaded, but this can vary dt@eécances in the materials. The actual
distance between nozzles and between pipes wergunegawith a set of calipers, with

an uncertainty of £0.1 mm. A summary of the padasdican be found in Appendix B.
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CHAPTER 5: TESTING

The reasoning behind testing the piping netwotk idetermine if there is
uniform flow exiting the nozzles and if the flows delivered, sufficiently cleans the
bottles. The testing proceeded in two stages., Firatmass flow rate through each nozzle
was determined using a catch and weigh techniquesd@values, as well as the exit
velocities, were studied for uniformity between tieezzles. Second, ensuring uniform
flow rates, three bottles were tested for cleaskn€alculations presented predict a
minimal difference between the velocities of wairiting the nozzles resulting in
approximately equal flow within £0.1% differencesd®wn in Table 7.
5.1: Mass Flow Rate Calculations

The catch and weigh technigue was used to findniass flow rate from each

nozzle. The mass flow rate is calculated by

y = im

m=— (16)
whereAm is the mass collected over a time intetMalWater exiting each nozzle is
caught in beakers. Each beaker is weighed priantbafter the accumulation of water.

The difference is used to assess the mass. Thegxélocities can be found from the

mass flow rate through each nozzle.

(17)

5.2: Mass Flow Testing Procedure
For testing purposes, the piping network was sefitipa pump and water hose at
the entrance of the piping network. The pressuréhi®incoming water was given by the

pump specifications and checked with a Water Solii€®2-4Lwater pressure gauge,
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which has an uncertainty of +6.895 kPa. The watégred the piping network at a

pressure of 241.3 kPa.
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Figure 4: Complete piping network with the numbered nozzles corresponding to the beakers

During a test, water from eight nozzles was sinmgtasly caught. The nozzles
tested are those labeled in Figure 4. As showngarg 5, eight beakers were arranged
on the ground, spaced similarly to that of the hexzzZEach beaker was labeled with a
number corresponding to that on the nozzle. Tha wate only collected for one side at
a time due to the symmetry of the piping networtie iozzles labeled in Figure 4 were
tested initially, followed by a repeat of a tesingsthe other eight nozzles.

The piping network was held with the nozzles paoigtlownwards so the water
could be easily directed into the beakers. The maes turned on and let run for a
specified amount of time through the piping netwbefore moving the piping network

and nozzles over the beakers. This was done toeagsat the flow is steady throughout
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the network before collecting data. Once the nazalere each placed over their
corresponding beaker, the stopwatch, with a resolutf +0.01 seconds, was started.
After five seconds passed, the flow stream frompibéng network was removed from

the location of the beakers and the timer stopped.

Figure 5: Setup of the beakers for catching the water exiting the nozzles of the piping network

The beakers before and after water collection weze weighed on a Mettler
PM11, with a resolution of £0.01 grams. The undety@n measuring the mass was
assessed by moving the nozzles quickly over thiedseaThe beakers were weighed
before to find this contribution to uncertaintytire mass measurement which was
determined to be 3 g. The total uncertainty inrtteess flow rate measurements were
calculated using the Kline and McClintok methody(iela & Beasley). The uncertainty

in the mass flow is calculated by

1
) 1\2 2 2
i = [(;) u? + (- 5) ufn] (18)
where yis the uncertainty of the measurement of timewnd the total uncertainty of
the mass measurement based on the resolution s€éfe and uncertainty in measuring

the mass. The total uncertainty of the mass meamaneis calculated by:
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— 2 2
Un = \/umresolution + umm measuring (19)

5.3: Cleanliness I nspection

Sixteen 22 ounce bottles were filled with a sughng and let sit for 24 hours. A
sugary fluid was used to give a clear coat of gbeco, and around, the bottle. Glucose
exists in the majority of foods and by using a sudhid, it will easy to determine if any
remains after the dishwasher run. Once 24 hoursepashe fluid was poured out of the
bottles and the bottles were placed in the reteafitommercial dishwasher, as shown in
Figure 6. Note the rack was designed as part ofettnefit of a commercial dishwasher.
For more information reference Heim, Beaudry &Hurig910). The bottles were put
through a standard dishwasher run which considtisreé cycles: detergent, sanitizing
and rinse. One run lasts approximately 90 seconds.

Once the run was finished, three bottles were defstecleanliness. The bottles
were chosen from different locations in the batlek to ensure that bottles in each
section will be cleaned. The bottles above nozates three and eight were selected. The
cleanliness was determined by using SpotCReekich determines the existence of
glucose and is used as a food safety check.

Three separate locations on a bottle, the bottotheoinside, inside the neck and
on the mouth, were independently swabbed. These thcations were chosen as they
are expected to have the largest possible sounasiofue. The swab test will indicate
whether or not there is sufficient flow and velgditom the nozzle to clean the bottom of
the bottle and rinse out the entire inside of tbiélé. The inside of the neck was tested
because this small slope in the bottle may corntapped residue if the spray angle of the

nozzle is not great enough at this location. Thetimof the bottle is the location of the
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greatest amount of saliva. There are valleys ferstiliva to catc, all of which must b
cleanedFor a bottle to be reusable, the bottle will heavpassa food safety te.

After each locatio on the bottle was swabbed, the swab plasecin the
provided enclosure. feager is then placed into the enclosure atidwed tc sit for
three minutes. If after the thi minutes the solution changes color from clear &gy
the swaliests positive for glucos If the solution stays ehr, the location tests negat

for glucose and isonsidere clean by food safety standards (Hygiena).

Figure 6: Complete configuration of bottles in the retrofitted commercial dishwasher.
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CHAPTER 6: RESULTS
There were a total of four tests conducted to gath&a on the mass output of the
piping network. The mass flow rates were calculated the average was taken for each
nozzle as shown in Table 8. Also reported in tidetare the standard deviation
measurements as well as the mass flow rates peddigttheory. The standard deviation

for the runs was assessed using:

o= /Z(x;@z (20)

where X is the value for each runis the average value and N is the number of tests

conducted. The experimental uncertainty in mass freeasurements is 0.01 kg/s.
Evident from Table 8 is that the mass flow rataadbetween nozzles by as
much as 11% and differed from that predicted bpthéy as much as 5.7%. Flow from
nozzles 1-4 is below the predicted values whereasffom nozzles 5-8 are above
predicted values. It makes sense that flow througgzles 5-8 are higher than through
nozzles 1-4 because the inlet pressure is expéaztael higher for nozzles 5-8 due to a
lower path of resistance from the inlet. Althouggwf through nozzles 1 & 4,2 & 3,6 &
7, and 5 & 8 are not equal, as anticipated dugrnmsetry, they vary by no more than
2%. These differences are higher than those exgh&cm experimental uncertainty, but
can be expected given variations in assembly arss$ i@ rate of the shelf components.
Experimental values of velocities exiting each nezer test conducted as well as
the averaged values are tabulated in Table 9. Taage experimental velocity from the

nozzles varies from the theoretical value by ashmasc2.93 m/s.
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Table 8: Mass flow rates per nozzle in kg/s

Test
%
Nozzle 1 2 3 4 |Average o [Theoretical | difference
1 994 105f 987 11.18 10.39 0.61 11.01 5.63
2 9.87 10.5p 10.49 11.8 10.7 0.81 11.00 3.00
3 9.84 1081 10.7§ 10.9f 10/6 0.51 11.00 3.64
4 9.71 10.8f 11.12 10.68 10.98 0.57 11.01 3.91
5 10.7 11.8 11.34 12 1146 0.58 11.0Y 3.52
g 10.77 11.y 114 1180 11.43 0.4§ 11.06 3.35
7 10.77 12.34 12.0§ 11.18 11.59 0.74 11.06 4.79
3 9.94 11.8 1248 11.1)% 11.33 1.08 11.0y 2.35

Theoretical and experimental velocities are plotteBigure 7, where it is evident that
the outer pipe nozzles, nozzles 1-4, have a lowiéing velocity than the theoretical. On
the other hand, the inner pipe nozzles, nozzleshad a higher exiting velocity than the
theoretical value. This is in agreement with obagon made regarding mass flow rate.

Table 9: Velocity per nozzle in m/s

Test

Nozzle 1 2 3 4 Average| Theoretigal % Difference
1 26.99 28.6 26.19 30.B4 28.2 20.9 5.69
2 26.9 285p 2848 32.02 28|96 29.85 2.98
3 2671 2935 2925 29.y9 28|78 29.85 3.58
4 2653 293 30.17 28.86 28|73 29.9 3.91
5 29.0% 320 30.19 3268 3111 3(d.04 3.56
g 2923 31.7p 3094 32.p1  31{03 3(3.02 3.36
71 2923 334Pp 3219 30.84 31/46 3(3.02 4.8
g 2698 320 33.87 30.16 30{76 3(0.04 24

Average 3.785
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The percent of difference between the experimemdltheoretical values were

found from:

|Experimental Value—Theoretical Value| "

% dif ference = 100 (21)

Theoretical Value

The percent difference for mass flow rate and vglare reported in Tables 1 and 2,
respectively. On average, there is a 4% total dffee between the average measured
values and theoretical predictions. Recall thahendesign calculations based on theory,
the piping network was idealized during the sg@itsl all minor losses were embedded in
one term rather than divided into each energy eguatherefore, these observed
variations could be due to how the minor losseewandled, which were assumed all

embedded in one minor loss coefficient.

40
35

30 % 4 $ § %

25

20

Theoretical

15

Velocity (m/s)

¢ Experimental
10

1 2 3 4 5 6 7 8

Nozzle Identification

Figure 7: Average experimental and theoretical outgoing velocity per nozzle (graphical representation
of Table 9)

Due to variations in the mass flow rate per nozzlepmparison of the total mass

flow experimentally measured over a five secondogewvas compared to that expected
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theoretically. The results are provided in Tableah@ Figure 8. A difference of about 1
kg is observed which is about 0.25%.

Table 10: Mass exiting each nozzle and total mass exiting for 5 seconds in kg

Run

Nozzle 1 2 3 4 Average| Theoretigal
1 49.7 5284 49.34 5589 51)94 55.07
2 4937 525p 5246 58.p8 5335 54.98
3 49.21 540y 53.88 54.87 53 54198
4 4887 540y 5588 53.15 52(92 55.07
5 5351 5898 56.11 60.p1 5Y.3 55.33
g 53.84 58.4P 57 59.32 57[16 5p.3
77 53.84 61.68 60{4 55.89 5795 5b6.3
38 49.7 5898 62.38 5555 56J65 55.33

Sum 408.0p 451.69 447[74 45367 440.29 441.36

From Figure 8 it is hard to see any difference leetwthe experimental and
theoretical values. This allows for the concludioat even though the velocities are not
equal through each nozzle, the same amount of w&at@ming out of the piping network
as is predicted from theory. The standard deviahdhe experimental velocity, noted in

Figure 8, is computed using equation (20).
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Figure 8: Total outgoing mass from the piping network for 5 seconds
(graphical representation of Table 10)

From the test results for the SpotCheck, as se&alte 11, all bottles at all
locations passed the food safety test. This iscsefit evidence to show that the
cleanliness of the bottle does not depend on itetiten of the bottle. Since all the bottles
are clean, there is a sufficient velocity exitiragle nozzle for the bottle washer to be used
in a commercial setting.

Table 11: SpotCheck test results

Location
Bottle | Bottom Neck| Mouth
1| Pass Pasg Pass
2 | Pass Pass Pass
3 | Pass Pass Pass
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CHAPTER 7: CONCLUSION

The symmetric design of the piping network allowsfhirly consistent flow
through all the nozzles, with variations betweenzhes less than 5.7%. This is
acceptable for this application. All the materiaé®d, such as galvanized iron, schedule
40 steel and stainless steel, are compatible wwith ether and the temperature and
chemicals used during the various stages of thewdishing process.

Through the analyses of mass and energy consamiatibe piping network of
the retrofit commercial dishwasher, it is foundtttiee total mass that exits the piping
network is within £0.24% of the predicted value v#wer, the mass flow rate and
velocity out of the nozzles of the piping netwogkied slightly more, by as much as
1+5.7%, from those predicted. This is attributed$sumptions in flow symmetry and how
the minor losses in the junctions were handled.gxample, flow through one quarter of
the piping network was considered, assuming symeofék through the remaining
nozzles. Also, rather than computing minor losse=aah exit of a component, these
losses were combined into a single minor lossatrtlet of the component. Measured
mass flow rates and velocities between the eightles varied by as much as 11%. From
testing the food safety of the cleaned beer botitlés determined that the spray out of
each nozzle is enough to effectively clean the bettes.

It is proposed that the piping network in the rétred commercial dishwasher
used for a returnable bottle process can provstaaler impact on the ozone and solid
waste as well as increasing the beauty of thetstee®l highways. It is an

environmentally friendly alternative to throwing ayvbottles as well as recycling.
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APPENDIX A: NOZZLE CATALOG
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APPENDIX B: PIPING NETWORK PART SUMMARY

Table B1: Material and quantity of the piping network parts

Manufacturer's
Quantity | Name Material Source Part Number

3/4" x 1" x 3/4" Galvanized McMaster-

1 | Reducing Tee Iron Carr 4638K177
Galvanized McMaster-

2 | 3/4" Pipe Cross Iron Carr 4638K424
3/4" Nipple 1 1/2" | Galvanized McMaster-

2 | Length Sch. 40 Steel | Carr 4549K592
1/2" x 3/4" x 1/2" | Galvanized McMaster-

2 | Reducing Tee Iron Carr 4638K187
3/4" Nipple 3" Galvanized McMaster-

2 | Length Sch. 40 Steel | Carr 4549K595
1/2" x 1/4" x 1/2" | Galvanized McMaster-

8 | Reducing Tee Iron Carr 4638K175
1/2" Nipple 2 1/2" | Galvanized McMaster-

8 | Length Sch. 40 Steel | Carr 4549K574
Galvanized McMaster-

8| 1/2” 90 Deg Elbow | Iron Carr 4638K193
1/2" Nipple 1 1/2" | Galvanized McMaster-

4| Length Sch. 40 Steel | Carr 4549K573

16| 1/4" Nozzle Steel Steinen SSM202
1/2" Nipple 2" Galvanized McMaster-

4| Length Sch. 40 Steel | Carr 4549K572
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APPENDIX C: NOMENCLATURE

Table C1: Nomenclature used throughout equations

Variable

Definition

Diameter [m]

Length [m]

Density [kg/m]

Viscosity [N-s/m]

Mass [kg]

Area [nT]

Velocity [m/s]

Mass flow rate [kg/s]

Pressure [kPa]

Acceleration due to gravity [m]s

Specific gravity [kg/m-s]

Elevation [m]

Frictional head loss [m]

Friction factor

Reynolds number

Roughness value [m]

Minor head loss [m]

Minor loss coefficient

Volumetric flow rate [n¥s]

Time [s]

Standard deviation

Number of total runs

Value for each run

Average value

Slrix|Zzla |~ < F e |D=FINR @|D|F < |PISEFR |

Uncertainty of time [s]

c
3

Uncertainty of mass [kg]
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APPENDIX D: PIPING NETWORK CALCULATIONS

o0

9.

n_english=1.7
_n=(Q_n_english*.003785/60)
nozzle .086*.0254
v_n_exit=Q_n/((d_nozzle/2)"2*3.14159)
P_loss nozzle=30*6894.76

rho=983

mu=0.000467
K_nozzle=P_loss_nozzle/rho*2/(v_n_exit)"2
P_in=35*6894.76

d_in=0.0254

d_1=.75*0.0254

1

.5*0.0254
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Re_in=v_in*d_in*rho/mu

Re 1=v_1*d_1*rho/mu
Re_2=v_2*d_1*rho/mu
Re_3=(v_3+v_5)*d_3*rho/mu
Re_5=v_5*d_5*rho/mu
Re_7=(v_7+v_9)*d_7*rho/mu
Re_9=v_9*d_9*rho/mu

in=(1/(-1.8*LOG10(((e_ir/d_in)/3.7)*1.11+6.9/Ra)))"2
1=(1/(-1.8*LOG10(((e_ir/d_1)/3.7)*1.11+6.9/Re Y
2=(1/(-1.8*LOG10(((e_ir/d_2)/3.7)*1.11+6.9/Re_P}
3=(1/(-1.8*LOG10(((e_ir/d_3)/3.7)*1.11+6.9/Re 3D
5=(1/(-1.8*LOG10(((e_ir/d_5)/3.7)*1.11+6.9/Re_BY
7=(1/(-1.8*LOG10(((e_ir/d_7)/3.7)*1.11+6.9/Re )P
9

f
f
f_
f
f
f
f 9=(1/(-1.8*LOG10(((e_ir/d_9)/3.7)*1.11+6.9/Re 9P

L_1=2.5*0.0254
L_2=3*0.0254
2.5%0.0254
3*0.0254
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f_min=z_in
f ml=2*v_1"2/(2*g)
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f_m3=2*(v_3+v_5)"2/(2*q)
f_mb5=v_5"2/(2*q)
f_m7=2*(v_7+v_9)"2/(2*q)
f_m9=v_9"2/(2*g)

f_m2=2*v_2"2/(2*qg)

f nd=K_nozzle*v_n_4"2/(2*g)+2*v_3"2/(2*Q)
f n6=K_nozzle*v_n_6"2/(2*g)

f n8=K _nozzle*v_n_8"2/(2*g)+2*v_7"2/(2*Q)
f n10=K_nozzle*v_n_10"2/(2*q)

P_loss_in=f_min+f_in*z_in/d_in*v_in"2/(2*Q)

P_loss 1=f 1*L 1/d_1*v_172/(2*g)+f_ml

P_loss_3=f 3*L_3/d_3*(v_3+v_5)"2/(2*g)+f_m3

P_loss 5=f 5*L 5/d_5*v_5"2/(2*g)+f_m5

P_loss 2=f 2*L_2/d_2*v_2"2/(2*g)+f_m2

P_loss 7=f 7*L_7/d_7*(v_7+v_9)"2/(2*g)+f_m7
P_loss_9=f 9*L_9/d_9*v_972/(2*g)+f_m9
P_in/(rho*g)=P_loss_in+P_loss_1+P_loss_3+f n4
P_in/(rho*g)=P_loss_in+P_loss_1+P_loss_3+P_loss o+
P_in/(rho*g)=P_loss_in+P_loss_1+P_loss_2+P_loss &
P_in/(rho*g)=P_loss_in+P_loss 1+P_loss 2+P_loss rvHd
v_in*(d_in/2)"2*pi=2*v_1*(d_1/2)"2*pi
rho*(d_3/2)"2*pi*v_3=rho*(d_nozzle/2)"2*pi*v_n_4
rho*(d_3/2)"2*pi*v_5=rho*(d_nozzle/2)"2*pi*v_n_6
rho*(d_3/2)"2*pi*v_7=rho*(d_nozzle/2)"2*pi*v_n_8
rho*(d_3/2)"2*pi*v_9=rho*(d_nozzle/2)"2*pi*v_n_10
v_2*%(d_1/2)"2*pi=2*(v_7+v_9)*(d_3/2)"2*pi

10.5*0.0254
11*0.0254
22*0.0254
13.5*0.0254
O 96*0.0254
0.6*0.0254
003969
Re_u=v_u*rho*d_u_1/mu
f u=(.79*LN(Re_u)-1.64)"(-2)
P_u_loss=f u*L _u_1/d_u_1*v_u"2/(2*g)+0.72*v_u"2/@%f u*L_u_2/d_u_1*v_u"2/(
2*g)+f u*L_u_3/d_u_1*v_u"2/(2*g)+f u*L_u_4/d_u_1*w"2/(2*g)+3*1.5*v_u"2/(2*
g)+L_u 3
10*v_u_n*(d_u_2/2)"2*pi=v_u*(d_u_1/2)"2*pi
V_u_n*(d_u_2/2)"2=v_u_n_exit*(d_u_n/2)"2
Q_u_nozzle=2.6*0.003785/60
V_u_nozzle=Q_u_nozzle/((d_u_n/2)"2*pi)
K_u_nozzle=P_loss_nozzle/rho*2/(v_u_nozzle)*2
P_in/(rho*g)=P_u_loss+(K_u_nozzle*v_u_n_exit"2/(2¥¢.45*v_u_n"2/(2*Q))

DI\JH-POOI\JH

L u_
L u_
L u_
L u_
du_
du_.
d u_



APPENDIX E: VARIABLE VALUES

Table E1: Reynolds numbers for individual pipe sections

Frictional Head Loss Variable Reynolds Numbg
h 117000
he, 63400
hes 47500
hes 23800
hez 47500
hro 23800

Table E2: Friction factor values for individual pipe sections

Piping Section Friction Facta,
0.0388
0.0392
0.0394
0.0405
0.0394
0.0405

OIN|OWIN| =

Table E3: Frictional head loss values for individual pipe sections

Piping Section Frictional Head Loss
0.933
0.020
0.266
0.091
0.266
0.091

OIN|OTW[N -

Table E4: Minor head loss values for individual pipe sections

Piping Section Minor Head Loss
A 0.025
hs 0.876
himc 0.322
hmp 23.7
hie 0.040
e 23.7
hma 0.252
PmH 0.320
™ 23.5
Nims 0.040
hik 23.5
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