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Clean water is arguably the world’s most
valuable resource; therefore it is important to
invest in water filtration technology. Currently
the U of I’s Clean Water Machine design is

a two-stage dual media sand filter, but by
refining the design to require a

single filtration stage, a significant reduction
in maintenance and increased efficiency

can hopefully be achieved.
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eparation of the two sanc

Chemical and corrosion resistance.

Minimum upflow rate of 1.8 gallons per
minute (gpm)

Maintain a bed turnover rate of 0.7 to 1.4
inches per minute.

Continuous operation with a maximum of
30 minutes of routine weekly maintenance

University f daho
4 Clean Water Machine | #

coolplaneh 6

Nexom- Kemili%

Martin Baker and Greg Moéller with the Clean Water Machine



Granular Convection

Screen Slope Incline and
Avalanche Frequency

Elutriation

Feed stream

Fine particles

Fluid stream

Coarse particles

https://coffeeadastra.com/2020/02/01/the-

https://www.sgenced|rect.com/top|cs/eng|n ohysics-of-fines-migration/
eering/elutriation



https://www.sciencedirect.com/topics/engineering/elutriation
https://coffeeadastra.com/2020/02/01/the-physics-of-fines-migration/
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Elutriation.

* Separated beds to W oy
ensure particle segregation. 2

* Water up flow through channels AR
(o)

separates particles based on v

unique settling Velocities Fig. A

CONSI

* Changes in head pressure affect velocities
Coarse COARSE

BED

* Concentric Tubes do not allow multiple airlift inputs
» Separated beds may results in emptying/filling bed areas

* Difficult to test and adjust up flow velocities. Fig. B
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CONSIDERATIONS

o

[ WASHBOX |

P
IRTY

Segregation using Wedge wire
screen

«— MZ-™

* Bed segregation created by
different outlet locations.

e Airlift with two inlets. ' FINE
I BED

R RIS

Airlift inlet may result in contaminated sand getting deposited into
fine bed.

e . COARSE
Bed turnover / airlift inlet rate must ensure no clogging from

Course outlet.

Brazilian Nut affect (Coarse sand migrating upward)

Ensure 75% segragation.
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upwards by the airstream and
heavier particles can fall through

Fig C. Fig D.
Pros: Gets rid of the need of screens — no ol
blockages

Cons: Uses more air and thus more power
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A mock wash box geometry was
modeled, and fluid analysis was
conducted on water particles.

Inlet pressure and outlet effluent
and clean water were modeled.
Velocities were visualized using
colored spheres.
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Model designed by Martin Baker




conducted on an experimental
model.

The part will model sand
separation and screen
resistance.

Adjustability

* Channel Velocity
e 43-87in/s

* Screen Angle: 6
* 16-42 degrees

Above: Screen separated wash box assembly. 16



* Clogging of the wedge wire screen.

* Upflow water working against wedge wire
screen particle separation.

* Abrasion due to sand movement at high
velocity.

e Granular convection at sand bed interfaces and
insufficient sand segregation.

* Incompatibility with current filtration system.
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Requirement Test Test Subject

Submit design considerations Determine if the scale model will ~ Testing stage apparatus.
for scale model testing stage  be customizable and accurate
filter design. enough to be useful during testing.

Achieve 75% sand separation CFD analysis in SolidWorks and with Fully functional model #1
in a continuously run dual the help of undergraduate
media water filtration unit. specialists and possible wear

analysis/consideration.

Achieve 75% sand separation Live test of fabricated prototype in Fully functional model #1
in a continuously run dual small scale testing stage filter.

media water filtration unit.

Maintain banding of separated Live test of fabricated prototype in Fully functional model #1

sand in filter bed. small scale testing stage filter.

1.8 to 3.6 gallons per minute  Live test of fabricated prototype in Fully functional model #1

upflow rate maintained. small scale testing stage filter.
Percent removal of total Before and after mass analysis of  Fully functional model #1
suspended solids (TSS) known volume of sample.

Target Date Result
11/06/2020
11/20/2020 CFD Results were unable to

model multiphase flow.
Upwards water flow was
analyzed

12/04/20

12/11/20

Recommendation

Sand interactions and settling
velocities will need to be
modeled via experiments.
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Single-Stage Water Filter with Dual Sand Media Sizes Legend:

Hydration Station Completed Low Risk m High Risk Unassigned m

JadenCavender  Or. Sarah W

TobiasFlores-  Bishal

Wentz Benjamin Bhattarai Project Start Date: 2020
Marek

Tayzan Thampsan

Seroling lncrement, | 3 October November

° PrOjeCt Start (09/08) T8 31010 1213 W 1516 17 022 25 2 K] 23 4567

G ARINRINE SRR

Milestone Descriptic — Category Bzcigned To  Progress  Start Mo.Days [ T{W|T|F|&[&|[M|T W Bl EIM|T|w B &(M[T|W Sl E(MIT(W|T|F| & &M TIWTF|3

: : : ) Design Valdat
e Solidworks Fluid Analysis (10/09) PE:Q[;'W;Q']N“ Complted Team W WEAN 7
* 3D Printer Training (10/22) ) . Completed Jaden, Tagsan, Blaks| 100 f02h200 1
A0 Printer Setup
Yeek § (10/26-
i ) 10430)
* Printed Model #1 (11/06)
* Elutriation Experimentation (11/20) Vidgage G Lmeeted Toas [T TR
/ Yalue Propasition
(0123) Completed Team 1117 1 T
. N
e Test Stand build (12/04) Week 9 (11/02-
. 11108)
* Total Suspended Solid test (12/11) Viipage Dah ,
/ (105) Completed Tobias 117 1 [
) .
¢ TBD Piit rotatype Completed Jaden 0% Werzizn
) Yeek 10 ({1/09-11113)
Laoghaak and .
ooty T Team i T
Cancept Design .
Peve 1] On Track Team i
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Capstone Project Budget Template - Fall/Spring

Project:
Last Updated 11/12/2018
i Year Item
Expense ltems Sept Oct Nov Dec Jan Feb Mar Apr Total
Equipment/Toals: I -
3D Printer (Provided) 5 1 5 -
Reservation of places/tools | s 100 s 200
Travel: I - \
Travel to Plummer Facility ' 5 50 |5 50 |5 50 % 150 NeE . Q
; s \ .
. Vinyl Tubing: S5
Supplies / Parts / Services: : - T t I . $106
Prototyping Filiment A $ 100 5 - otal:
PVC Piping I $ 5D $ 100 $ 150
Sensors/Pumps I $ 100(s 100|% 2000 |5 200 % 2,400
sand I § 100 § 300 $ 400 ~1% of budget used
Fasteners | $ 100 5 150 % 250
Structure materials, shipping | % 500 5 500
Installation Fees/Services I 5 200 5 200
| 5
| 5 Expenses
' $ 4,050 Subtotal
Shop Usage (est. Hrs): : Hours
Protype Fabrication ; 30 20 20 20 20 110
1 0
1 0]
| a
1 0
I 0
J Graduate Student Support S - including fringe

Shop Overhead 3
University Overhead 5 203 " 5% of all expenses

Totals $10,000 * & 5,748

Budget Excess 20



Our objective is to combine a two-stage filtration
system into a single-stage dual media filter.

Hand Computer Proof of
Sketches Models Concept
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Dr. Sarah Wu our advisor

Mr. Martin Baker and Dr. Greg Moller our sponsors
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