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Objective

« The project aims to reduce the water content of cold-pressed mustard seed
extract by at least 50% using a flash evaporation system.




Value Proposition

« The mustard seed meal byproduct contains a biopesticide compound

o Current freeze-drying method is a bottleneck

« Create a flash evaporator system to powderize and reduce water content of the
mustard seed extract, increasing the viability of this biopesticide
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Background & Requirements

Background

« Mustard plants produce many useful

chemical products

« Oils that can be processed into biodiesel and
glucosinolates - they show promise on being
used as biopestcides

« Dryingmethods available
e Drum dry, freeze dry, and spray dry

« Freeze drying currently takes three days for
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Requirements

« Get extract 5o% dry
« Reduce drying time by at least half

« Make sure there isnota largedropin
glucosinolate yields due to thermal
degradation

« No use of chemicalsthat would prevent
product from beingused in organicfarming




Conceptual Development

Feed flow —l

e Nozzle gas flow

 Conceptual designs based off this initial spray
evaporation diagram provided by Dr. Popova
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Choosing a heating element

a) Radiant Heat Source b) Heat gun source c) Heated coils

* Pro:Simple.Providesa * Pro: Provides additional air e Pro: Even heat distribution
temperature gradient circulation * Con:Additional electrical
Con: May require multiple * Con: Requires additional control systems
heat sources to maintain adaptor
temperature




Prototype Design

Pressure senser-
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Exit product storage tank through pump
Pump pressurizes product

Pressurized product exits past check valve
Product is misted into heating chamber
Product is dried in heating chamber

Dried product exits heating chamber into collection
bin.




Prototype Design

Exit product storage tank through pump
Pump pressurizes product

Pressurized product exists past check valve
Product is misted into heating chamber
Product is dried in heating chamber

Dried product exits heating chamber into collection
bin.




Electrical system planning

T

)

®

%M—

Electicall placiment

A .

L}
L Y
’

A}
1
- \
- - N
.
“ . ~ ' '
0 s
] r ‘
] \ , \
, .
. v i . 1
/
& -

‘r

Le
Ard.
\}S oGt

avVv 36-1403

\ £ possible,
o Mhialf""g LN

» Create an electrical monitoring
system using an Arduino nano

« Use asmall LED screen to display the
inflow pressure, the heating chamber
temperature, and the outflow
humidity.




Potential

Risks

CLOGGING OF THEPUMP OR HEAT SOURCE AND CHAMBER UNEAVEN MISTING OR
NOZZLE BEINGA POTENTIAL PRODUCTRESULTINGIN
FIRE/SAFTEY HAZARD UNEAVEN DRYING




Pump
Nozzle

Test system in parts Heating

Drying

Validation

+ : -
EE Estimate calculations vs measurements




Testing of pumps & nozzles

» Idea for testing

Measure the pressure needed to
evaluate flow for the nozzle

)

« Prototype build

Conclusion: Pumps available are not
functional. Nozzle may be suitable under
proper pressure

Next step: Buy a new pump
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Calculations of system

p of air @ 50°C = 1.09 kg/m?
Q = 1050 in®*/min * (1 min/60 sec) * [(1 m )3/(39.37in)’]
=2.87X10* mi/fs

2
A=ED2=E(1cm( 1m )) =7.85X 10° m?
4 4 100 cm

Q 287x107* -

m
V== -365"
A 7.85X107°m 5

Flow rate of humid air: Fy, i =VAp
= Qp
= (2.87 X 10" m3/s) (1.09 kg/m?)
=> Fp, 2=3.13 X 10 kg/s = 1.125 kg/hr

Humidity of air in = H,rin=1 kg water/ kg air
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Humidity of air out = H,ir0,x=0.5 kg water/ kg air

_— FhairHai
Mass of water in air final = Myater our= —22—air.out
1+HaEr,uut

(1,125kg (ﬂjkywnmr) (n.sszskg

hr kg i kg

0 2= M S o5 Muaterout = 0.375 —

1+(05 anter) 1.5 hr
Gair

Eairin = Eair,ianr'.r,air

= [Tairin(1.01+1.89H,ir in)+2500H,i ir] (M)
1+Hgyut

_ o kg water kg water
=[50 °C {1.m+1.39(1 o )}+25uu(1 - )]
kg
(0.75:2) k
=1983.8 L
hr
Ewater,in = Mwater,incpwater-rwater,in
_ kg _kI °C) = k]
=(0.5625:2) (418 ) (50°C) =117.6
Etﬂtal,in = Eair,in + Ewater,in
-1983.8 41176
hr hr
K
hr
Etﬂtal,uut = Eair,rl::ut + Ewater,nut

- [Tair‘m'tll'D1+1'BgHair:“Ut}"'stﬂHair,uut] (M)
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=> Etotal,in = 2101.4

+ Muater,out CPwater T water, out
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kg k! a
(0.3 75 E) (4.13 c—m) (150°C)
=> Erotaout =1392.6:
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Project Schedule

« Stage 1.a: Determine pump and nozzles touse  « Stage 2: Create Heating Chamber

« Stage 1.b: Develop electrical monitoring system « Stage 3: Run drying experiments

Capstone Project Schedule - Fall-
Project: Dehydrating Mustard Seed Extract
Last Updated: 11/12/20
Year
Month Sept Oct [ Nov May
Assigned| 9/4 | 9/11 11/6 [ 11/13] 11/20] 4/30] 5/7 | 5/14
[

Task Description| Duration
Budget Leslie

Poster Sophia
Personal Logbook all
Project Portfolio all

Wikipage -

Prototype - Create design
Prototype - Order parts
Prototype - Build

Prototype - Testing & Analysis

Snapshot Days
Design expo

Project Final deliverables




Milestones

For January By February

Order remaining parts for Have heating chamber parts Have system built and ready
the pressure system ordered and ready to build for testing

* Build pressure System Build heating chamber and Attach electrical system

Finish electrical system connect to pressure system
design and programming

Order electrical components




Capstone Project Budget Template - Fall/Spring
Project: Dehydrating Mustard Extract
Last Updated  11/11/20

Expense ltams Sept
Equipment/Tools:

Supplies f Parts f Services:
Bulk Line - Plastic Fastener

W Tube - Plastic Tubing (3 ft)
Bulls Eye Brass Nozzle

Brass Coupler

Brass Adapter

Thread Seal Tape

55 Gal. Steel Drum (ULINE)
Different Mozzles (potentially)
Heat Gun

Pump

Control system

Jacket Insulation [SpeedTech)
Storage Chamber (Cvault)

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Expensas
550.43 Subtotal

Shop Usage (est. Hrs):
Welding/Cutting

Graduate Student Suppoart 5 - including fringe
Shop Owerhead 5 -
University Overhead S 27.52° 5% ofall expenses

Totals $  1,000.00" § 422.05

Budget Excess




Thank you

« to Dr. Brian He for providing project guidance
« to Bishal Batterai for assistance in the workshop and with calculations

« to Dr. Ina Popova, client, for sponsoring the project




Contact Info

Sophia Bowen Leslie Hurtado

« Email: bowes722@vandals.uidaho.edu « Email: hurtg760@vandals.uidaho.edu




