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WAST3D POTENTIAL

Thesis Project

I marvelled at the Basalt rock formations on my trip to
Iceland during the summer of 2022. | pondered how |
could combine my interest in 3D printing with this
geological inspiration.

My material research on 3D printing projects led me to
conclude that recycled waste plastic was the most
suitable for my purposes. Scale became the immediate
challenge to address due to the limitation of printer size.
Building blocks were desighed to form a wall system. A
kit assembly was proposed and a bill of materials
outlined to build an example structure.
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Final Block Design and Wall System

> Features fioAGIARIREEAGERINE pieces made from recycled plastic.
> Incorporates vertical pilings for additional structural support.

+ No heavy machinery required to assemble

+ texture and patterns can be functional and ornamental
4

2 P ings or other hard

+ Retains els of original

+ Strong in compression

+ Block cavity can be filled with insulative material via infill pattern

- High quali led plastic il " i al
collection and processing

- Assembly is not fully weather resistant without additional layers
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Works of Friction
Bank & Pool

The goal was to discover relationships (friction) between
two randomly chosen programs primarily through
physical model making explorations and hand drawing.
Those relationships would then inform the architecture
of the building and site. While working through the
problem of harmoniously integrating a bank and
community pool, | identified key words that blur the line
between program and architecture: liquidity, reflection,
vault, stability, weight, branch, waves, and immersion.
While the design evolved and took different forms, my
early sketches (at left) are an echo of the final design
that incorporates both the wave and the grid.
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Market to Metacom
Envision Resilience - Warren, RI

Tidal flooding events in Warren are expected to
worsen to the point of residential and commercial
property loss by 2035 and continue into the future.
The primary goal of the project was to develop an urban
design strategy for the higher elevation area on
Metacom Avenue. My goal for the new residential
neighborhood is to accommodate as many displaced
residents as possible while maintaining a sense of
individual ownership and private space. Solar panels
supply green energy, significantly reducing utility bills.
Housing construction utilizes hemp-lime material for
walls and roof insulation (model at left).

Metacom Housing Typical Layout (mirrored units)

Hemp wall construction will fill any formwork, thus it fends itself to
curved interior surfaces. Archways are emplayed ta create more private
and intimate spaces within the home. Filleted corners soften the feel of

the interior and create a more welcoming environment.

==
Reading Nook
h"& An ideal space for quiet reflection.
Table Nook

An intimate gathering place for card games and conversation.

Dining Nook

The Dining Nook serves as the centrai gathering space for family meals.
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Y B Screen Design

o Wy, 1
_ :‘L? _.: ..' ,./0 v ‘?’"; Design and construct a light filtering screen of variable

B o W, g Af* @ _} 2 o porosity at a size of 24" by 48”.
s *‘L: gy"‘ L ‘I‘h { ' " The final screen will use one primary material and take

{ t~ b ! . ".-{. 2 advantage of the properties of the chosen material.
WA |
™4

explorations.

u.’s ! é My screen uses Bristol paper as the base material,

O YA " ;.“ (' _‘.1} embellished with plastic gel sheets folded into square
o "‘ v-'. ’ 4 ‘ 2 & tubes for rigidity. The hexagon shape serving as the
w‘b *\-A h’ f,- : ’.wl. screens apertures was a throughline from early
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GREEN STIRLING ENGINE POWER P

Nathan Costa (ME), Beau Donnan (ME), David Ephraim (ME), Edward Graff
Andrew Haveles (ME), Andrew Larsen (ME), hail Morozov (ME), Mario Rol

Advisor: Professor John M. Sullivan (Mechanical Engineering)

Abstract

The Green Stirling Power Plant project set out to utilize a Stirling
engine as an environmentally responsible means of electrical power
gencration. The tean’s efforts centered on repurposing a two-cylinder
air compressor to serve as a Stirling engine and analyzing the design’s
feasibility. The first major objective was the construction and analysis
of a parabolic mirror capable of transferring adequate levels of solar
energy to power the engine. The other major objective was the
creation of a portable package which included systems for the
generation, storage, and measurement of energy generated by the
Stirling engine. To accomplish these goals, new components — such as
the engine heads, flywheel and parabolic mirror — were designed and
fabricated and select existing components were modified.

Background

The Stirling Engine- an external combustion engine that hamesses

external thermal energy into mechanical energy.

« Can use any source of heat that yields the needed temperature
differential

« Typically uses air (sometimes pressurized) o act as the working
fluid in the heat transfer processes

The Stirling Cycle

- Operates on a closed regenerative thermodynamic cycle

Project Goals/Objectives

Adapt a two-cylinder air compressor to serve as a Stirling engine.

Design and fabricate a pulley system to drive a generator.

Design and implement an electricity peneration and Storage system.

Design and fabricate a frame to hold all components.

Build and test a solar energy collector to serve as a heat source for
the engine.

The Engine, Frame, Results/Outcomes

and Solar Collector

Engine/Generator

+ Overall frictional torque was reduced by nearly 00%

+ Generator can produce 200W of power when turning at 2200 RPM
+ Engine was not able to sustain itself

Selar

+ During November solr testing. mean peak solar collection of
527W

+ Extrapolated— Maximum temperature 425C/Maximum power
930W

Jan 339 Aug 431
3 s
Jan 406 o 338
o Am her 26
May 412 Dec 289
June. 431 AvB. 38
July 4.57

Methods/Process g o
Engine =,
Problom areas targeted and addressed &
Working fluid leaks, internal friction, insufficient mass transfer,
insufficient heat transfer
Designed and fabricated solutions
* Redesignedt: engine heads. head gaskets. mass transfer piping. and
fNywheel
New: thermocouples at ertcal points, Schader valve, and crankshaft
bearings H /
Frame ans ismission i
A frame and engine mounting madule was designed and fabricated to
house the power plant
Constructed transmission to conncet engine and gencrator.
 Incorporated wattmeter, charge controllerand batiry to measure,
regulate, and store potential electrical power produced by the
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generator, C
Engine
E I solar power v; parabolic reflector. | | Incorporate a regenerator and attempt to aptimize the current
Determined usi black alumis iteration

Extrapolated maximum possible cnergy by accounting for bourly and | = Build a new. possibly different type of Stirling cngine
= Design around solar use and focusing
" Solar Collection
. + Makea lighter parabolic reflector, that can track the sun in 2 axes
Livion. 8. T Bifidg Egto - Further automate the tracking, and have a function for date and
itp:vwrw.mpowsrul. comysirling engine.him o ool
"Vaisala.” What Is Direct Normal Irradiance? Web. Nov. 2014 o
hip: . 3tier. P ling: i
nommal-irradiance-solar-prospeeting Acknowledgments
"Murdoch University." Power Outpus for Tracked and Stationary Areay. || Thank you to Professor Sullivan for his advisement throughout this
Web. Nov. 2014, project and to Mr. Peter Hefti for supplying us with tools and testing

seasonal solar variation.

| upi . sce.murdoch cdu.auresourcesinforTech/pv/ | instruments, and the knwﬂedie on how to utilize them pmirny

Green Stirling Engine Power Plant

The project utilized a Stirling engine as an
environmentally responsible means of electrical power
generation. A primary goal of the project was to
minimize material cost. The team’s efforts centered on
A) collecting solar energy through a parabolic mirror, B)
adapting a two-cylinder compressor engine, which served
as a repurposed Stirling engine, and C) convert the
engine’s power to electricity through a DC generator and
battery storage. The available solar energy was
calculated and a prototype parabolic mirror was
designed, constructed and tested. The engine was
modified to and mounted to a test apparatus containing
the DC generator, battery storage, and a flywheel.




