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The Problem

TThere Is a dire need in the world for
sustainable coeling devices,
specifically for the use ofi ceoling
Vaceines In hoet lecatieons, during
Lransport.




The Initial Design

¢ Peltier models discarded as the
Intended cooling range was teo low

¢ Decided on a scaled down
refifigeratoer system

o ViRl refrigerater Was) the elVvieus
SyStem neead




Group Brainsterming

Backpack to carry components

Wall current and Car Adapter

Rechargeable Batteries

Insulation! Pelyurethane

Whe> World Health Org. & Red! Croess
o Small Simple llechnoelegy: (Qutting mini-

fridge compenents)

¢ Viajer Compoenents: AC wall current te
COMPresser unit, Direct DE current te
IRVEFLEN 1O COmPresser uniit, Battern/ IDC
cUFrent: te! INVErter ter Compressor




The Product

¢ Cool contents of a small refrigeration unit
to a cool zene

¢ Our goals: cooling range (-1<>=+3)°C
& Shelf backpack system

¢ Moderately: heavy: hackpack unit in a
range off 60-75 Bs

¢ Able to freeze vaccines that need to be
frozen

¢ Sturey/ design




Compression Cooling

» \Works by compressing a fluid or gas
and than expanding It In a separate
chamier.

¢ \When the substance decompresses
the temperature drops.

¢ Viest: pepularway,: e COI:

9 It: USES Pattery/ Energy. e PeWEr
Standard rFeffgeration ComPeREnRts
NEere:




Insulation

Polyurethane

Compared to fiberglass, 4 times the r-value per
Inch

Eiberglass near 2.1/inch

Urethane preducts near 9/inch seme are even in
the teen ranges

R value indicates the tendency. fior hot or cold air
o meVve threugh the materal as it Wanits te
aCcording te the second law: el thermoedymnamics

e Righer the Rivalue: the' siower this Happens




Electricity

DC Is optimum for short distance transportation, but AC Is
optimal for long distance transport

Inductive motor on the compressor unit takes: large
amperage draw initially and then dreps te 1.2 amps alse a
large wattage draw.

Inverters take DC current from a standard battery 12V and
convert it 1o a usable AC power source. Vost INVEKters,
ReWeVer; outpult a moedified sine wave.

Some: appliancesi donrt operate With this current such as
certaln motors;, 1aptops,, and NEWEN devices that have
ntrcate parts

Radior eguipmeEnt elitenl dees andl the InehiicIEREY. In the
reguency and thenwavenwilifeupuiravackgreune Rt
the Speakers;, Pecause thie sterees ehiten dornet have the
Hlitratien’ system ter Get fal of the: dirty/ currenit:




Electricity cont.

¢ Batteries are rated In amp hours

¢ Deep cycle batteries are the best for
OUKr objective because of the deep
discharge and! thicker plates

¢ PUtting a fialr amoeunt of meney. Into
the batteries and a pure sine Wwave
INVEFtEr IS EXPECcied

¢ ARrame IS eRe Vol aff CUrEnt eVer
ORE GHIMI G FESISTARCE




Quantitative Detalls

Cool a box 6iInx6inx3in to 2 degrees Celsius or
lower.

Weight no more than 30-35kg or 65 to 70 lbs

Estimated cost, depending en battery type and
compoenents purchased 300-700 $.

Operation fior 24 Ars using bhattery: power
Estimated pewer need Is around 60 amjp Ars

[T constant ruRRIng off a 1.2 amp COMPrESSO;
moeter at 120 velts AC Using an Inverter withr DC
Patteries; reguires; akeut 14 ampr MeUES) Gl Dattery
lIfies Wer knoew! the conversion fer AC amps; to) DE
AMPSHIS reughily, 1 AC amp e ten! DE am|ps:

NESIHING WALIESSENVIFORBANIFAS LOSS OF
POWER IS A FACTOR THAT COMES INTO! PILAY
ANDIIS VERY DIEEICULT 1O AT TAIN
IVIATISENMATHICAILLEY:




Qualitative Detalls

¢ Battery operation of cooling devices (compressor)
and possible cooling fan for the outside
compression coils

¢ Keeps vaccines frem spoliling 1in hot climates
(within the cooling range)

¢ Operate withr sustainable energy and other non-
renewable sources like wall current at the red
ClOSS

¢ Compartment for vaceines padded or small as to
prevent hreakage durng transport

9 SlUppertver vackpacking firame Withrheaviest: item
(lbattery): at ther hettem

9 \Welght witheut battery: —S0l9s

¢ lechneleey/ Isnt there et iier a light vatiery/ with
2 large eutpuUit capacity~100ramp s




The Customer

¢ Large relief groups like the Red Cross who
distribute vaccinations

¢ Corporate monsters to small hespital units
this target group Is quite large
¢ Purchasing desire due tos effiective

sustainakle methed Brought ieurth
othenwvise not available

¢ lIhe technelegy Is designed fer use “in the
fielas= s es away/ frem: traditenzl
IRirastrlictuRe:




Benefits

¢ Addresses a huge globall issue

¢ Additienally with the Issue of
Aurricanes close to heme this
technelogy Is approprate for
diabetics as their insulin nheeds to be
Kept cold.




Complications

Batteries ‘decay’” over time and eventually will
need replacing

Difficult getting a light battery as larger batteries
Rave more output but with heavier weilght

Getting It bullt te specs with enough time te test
and tweaik

Staying In Budget

REACHING THHE GOAL efficient manufacturing
Getingl the necessan/ materals: peweriul

IglRtWweIght Patteries; are on’ the order of;
RURdrEdS eff deliars:




Our Design

eBatteries for use during transport
eCharging capability when not In use
eSensor that shuts the motor on and off
Small cooling area

eElaborations...




Our Design
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Our Design
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Our Design
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Our Design

[Mhertical o kissck Profect *|

c4E- OO0 AR L PSS EN0D - ; = ¥ A[QGLoH @ 0000 N 4 IFFHTRIDD »
i B ¥ ¥ & ol @ [ ]

- i ! . !
1rern e Comtwrive e Pont - 1 [ ol Fetres * Sedsten
Deiecton

% () Bottom Cass et
+ B Mt Mot Bk
»

) Th Ursvarsty ot e,




Our Design
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Construction

» Gutted mini-fridge
» Backpack

¢ Battery!ll Abeut ene pound per amp
ReUY oK MEeSt:

¢ 600 coldl cranking amps

¢ lnverter needs; SO0 waitt peak 150
Waltt: continueus; Gperation




Construction

¢ Shelves used to support Individual
cComponents

¢ Sturdy, but not elegant

¢ Viederate welght: 70les with 2. 405115
pattery, meunited




The Product
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Construction and Complications

ok




Relative Electrical Equations

V=IR
I=V/R

The 8 amp startup is 110VAC/ 14 ohms of
resistance

Because V=IR at 12V DC the 1.2Amps AC
becomes —roughly 13amps DC

(45amphrs/1.2amps)0.9efficiency=33.75hrs

Based on operation at a constant 1.2 amps
our system should operate for 34 hours
straight at the MINIMUM.




The Problem

¢ When tested our refrigerator did not
operate off internal pewer

¢ The inverter did not appear to supply
enough wattage, even though It was rated
well albeve what was: required

¢ However, It didi power: appliances that
fEguiredimore Wattage: than oul
FEfrIgerator

9 e batterRy, asiwell; did ot stpply.
EnReUER PeWEN 16! eVER KRl the lRVeErter,
even theughi it sheuld have had mere than
eneuUgh PeWER 1006 SO




Our AH HA moment

¢ he preblem lies within the output wave of
the Inverter which supplied a modified
sine wave

¢ [he solution involves acquiring a pure: sine
Wave: Inverter

¢ According to tests run at NAPA Auto,
Beulder R\, and with im Viay: ou Battery,
purchased enline; Melds) a surriace charge
PUE has an IRternal shert:

¢ IR shekt the batteRy will-net il charge;
anRE eeSES Wihalk charge i hias chRee: 2 lead
ISiapplied
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Pure wall sine wave




111.3 VV AC, but not the same wave
as wall current

R S —— v
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Our Inverter plugged in to the
“pattery” 12 V. power supply




Operation of a heating fan offi our
Inverter drawing near 20 Amps




Our system Is picky and only runs off the wall
current, requiring an 8 amp peak amperage upon
start up, than levels off at 1.2 amps




Time in 30 sec intervals

Temperature (*C) c:1
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Scrambling to Improvise

— TThe Inverter put out a ‘dirty” wave
— Bought a new ‘pure’ sine wave Inverter

— Troule Is It 1s reughly: $0.60 per waitt
—noet Very cheap

— [The battery preblem was uniixahle
Withinr the shert time: off prohlen
diISCeVERY, anether battery had te) e
puUrchased




Cost includes shipping charges US$

Polyurethane -281.00
Battery w/charger -330.41
Structural pieces -20.00
Assorted nuts ni bolts -10.00

Sheet metal and other Donated
construction materials

TThe coeoling system ~210)40]0
InVerter —24.5.99
BACKPECHK -5.00

Other fabrication -60.00
materials

EEE GRANI =S AT
Grand Total: =288 25




20-20 hindsignht

» \What we would ofi changed
» \What we theught went well
¢ \What went Wreng

¢ Imprevements:..

— Viere moeney. irem EEE such that Iew
l@ead refrigeration; could e usead

— QUuIr goeal was terget it ter 0 Celsius,
Whlch mighit have heen; everkill




The Future

¢ Scaled down technelogy to match
the exact needs of the vaccines

& Solar energy. te charge batteries
¢ More efficient technology.

¢ Manufacture some of our own
COMPERENLS

9 Viarketanle enterprse i stccessiiul
9 PessiklerglelaiNimpact




The Competition

¢ These are a couple of solar coolers
made by lliaktis

¢ Each model costs around $1300
» ExXpensive and not Very: portable




Some of the team




Team Strengths and Challenges

& Every group member contributed great ideas

¢ No major group challenges

» Alll members took an active interest in the project

¢ Communication was key te the success ofi the
Project

¢ Project moeved aleng and major elhstacles Were
OVErcCOMmE...mostly,

¢ A little difficulty, spreading the workiecad

$ Some team MEMBErS tevk anger out Gn OLRErS
WhHERI thiRgSIWEreER i geing well




Annotated bibliography

hittp://sWwww. sunfirest.com/vaccine refrigerators. hitml

This site is where we gathered pictures of competition as well' as some basic
Information

pttp: /AW, batterystuili-com/tuterial battery. hitml

Alll ofi the Infermation regarding electric compenents In our design was deduced firam
here

Dictionary. Eer The Electrician with Eermulas. Tem Hennry. Copyright 1997.
Definitions fier electricity: and further research on electricall components
e/ /AMWanwaewWilRdstRcom/Batieres/Batien/ EAQ It
Batteries research and fiacts, all electrenics fags and facts
REERE/ /A Eeds
Vaceine transport methoed andl leeking Inte graduate: students: design at Ml
RtRE//CAC. a0V,

\accelne storage temperature and transpoertaton infermatoen
hitpE//eeEs colbradereduy

Infermation and Speciiications Gnl many. battery types: VerRy geed o large hatteres,
PUTL RNOL Very muchiinformeatien on pracucal transportable batteres:

LR/ /e CCIRESHOAY.
Selifexplanatony
STV CNRIYA S CEIESY.
SOR InVeIVIRG Vaceines and other admiRpistiative procedures
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Thanks and acknowledgements

[m May helped a lot— thanks

¢ [he TA’s: Scott and Andrew— thanks
for keeping us geing while we were
frustrated

» EEE=— Without the denated menRey.
RIS prejJect Would  net e pessille

¥ EVeryene Whe said anyuiing
encolraging o chitical




Einal Thoughts or Comments?




