Note to Semi-Finalists

Thank you very much for participating in the HUNCH Design and Prototyping. This was by far the most
difficult year for deciding finalists. Part of the difficulty was the number of teams participating but the
most important part was the number of high quality of prototypes for each of the 10 projects.

Each Mentor helped choose potential finalists for their area and were then compared with the same
type of projects across the country. Teams that were selected to be finalists had very tough competition
and it was very difficult to down select. Although everyone wants to be a finalist it isn’t possible and
decisions have to be made. Some of the decisions include the requirements but also trying to show
diversity of how the problem could be solved. There was no shortage of good and diverse ideas.

Being a Semi-Finalist is a great honor because each of you put together a project and data that made the
teams think, learn and be excited about space. Your great ideas and hard work is what makes NASA
HUNCH a challenge and a great experience for engineering. We hope you enjoyed the projects as much
as we all enjoyed seeing your prototypes.

If you are a senior and moving on to college, industry, or trade schools, make sure you include your
project with NASA HUNCH on your resume. You will find that your interview will center on “what did
you do for NASA?” The more you tell them, the more they will want to hear. You will be receiving a
letter of recommendation from NASA HUNCH describing Design and Prototype and the project you
worked on. We hope that your work will translate to opening doors for your future. Thank you for
being in the NASA HUNCH Design and Prototype Program.












BAMBOOM GROWTH Materials
INFORMATION
For our water
sensor we a
moisture sensor
hooked up to an
Arduino board
with a water
pump
We have figured out that the best For the planter boxes we
speaes_ of bamboo to bring to the want to use Kevlar. Which has
moon is Dragons Head Bamboo. .
As it has the capability of being a reticence of 525,000 PSI.
used for construction, food and Bamboo presses at a rate of
For growing the Bamboo we CO2 removal. 28,000 PSI. The bamboo's
are deciding to do a mix of i o!
BOUNR MO WA o iing - 540 inches force |s18.5/ohofvczl/lhat Kevlar
' Can nanaie.

have found this to be the best
way to grow it. 1 Part Moon
Regolith to 1 Part Soil.

For the fans we have 4 fans
hooked up to our Arduino board




FUSION MODEL

This is our latest model we in Fusion 360. It has the updated grow beds and correct
scaling.

HVAC

For our HVAC system

we are using 4 fans We believe that our design is the best as it
that run every 30 secs. covers all areas that are needed to have a

It will keep the CO2 working. It is a spacious area that can

i house a lot of bamboo
constantly moving out
of the Hab and into

space.
VIDOE OF OUR DEISGN WOKRING
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incorporaZ-as che optimal

amount of growth space,

workspace and utilities

storage.

Description

Bamboo growth and greenhouse

During this project we were tasked
to discoverif bamboo could grow
inalunar regolith and what the
best design for a lunar greenhouse
would look like.

.
Lunar Grove

Lunar
Bamboo Greenhouse

Meridian Technology Center
Mr. Mantooth

Rachel Nolan

Trace Rouser

Dylan Friese

Mary Branch



The Bamboo
Success

We started growing our bamboo
October3 of 2023. Since then, we
have observed growth in both our
lunar regolith and control bags.

Our design incorporates a
tube drip system for
watering and a slanted bed
for water reclamation that

will operate in microgravity

Growth Space

The bamboo will be positioned
in the middle of the greenhouse
with otheredible plants
positioned along the outside.

These plants would be vitamin
and mineral rich vegetables such
as blueberries, spinach and
strawberries.

Workspace

There will be two shelves
positioned on the outside f the
greenhouse along with the other
plants. These shelves will have
optimal space forexperiments,
storage and provide room forthe
pump that will be used t
distribute water.

Bamboo Applications

It will be beneficial for
astronauts to have bamboo
growing on the moon asit can
provide sturdy building
materialsand can act asa carbon
sink.

Greenery has also been shown to
improve mental health and the
fibers can be made into bandages
for medical use.



Decision

Upper
e Wheels that easily fit
into the lower part. \\

Lunar Greenhouse<Rrot6type

e Wood base spraypainted white

e Latches that secure~—

/ ;J/éing several different decisié\n\\
= matrixes we found the most

//O/S‘D printed grow beds located on

the top to the bottom.

* Heavy wheelstomake & offjcient way to solve eachl problem
the upper part be a
to move easily on th\ \
DI Germination Control Matrixe

\Va

Lower

o Slots for trays to slide in
and out with locks
keeping them from
falling out.

e Holes on the bottom for
rails to fit into for easy

maneuverability.

e Lower storage area for \\
extra trays and grow \ )
bags. <\ ] /- | Bamboo -Matrix

Lunar bamboo
grow bed

Connect more than one grow bed
together.

Along with sliding walls to separate
them.

Water drainage for recycling.

WV

Grow _Bed

the center of the roh
e Set of tubes surrounding the r,\
acting as our express rails.

e 3d printed grow bed with an
interlocking ges'p\a imize

\\/ efficiency.

e White tubes inserted into the grow
bed acting as our movable grow
lights.

e 3d printed work stations that can
either interlock into the grow bed
or sit on the rails to slide around.

12

The bamboo chosen for our project
was the Yellow Groove Bamboo.

Bamboo

\\ / Running
Roots
e Good
tasting
shoots
e Good O2
production

4



More
V4 A
= Information=

esh growing trays
xpress Rack-like

esign that follows the

curve of the dome

e Rail system
surrounding the
greenhouse for racks\
and more i\\

e Multi purpose work
stations which fit ont

IFLOWCODE IIII "l
BN § NEEE PRIVACY.FLOWCODECOM NEEN NN l

the rails and the grow=1_Scan the QR code to*

bed. \Aee our project and

process more in depthl

Bamboo Lunar
12/ Greenhousell

By The Bamboo Guru's

V4

\\/ Elijah McCoun

Morgan Watson
Seth Johnson

Mr. Anderson

Billings Career Center






More info on our

design and
process



Growth Variables

O1 Water
A 50 Gallon Water tank will be
used within the aeroponics system
with the possibility of extension.

02 Lighting
Adjustable LED lighting that can be
powered using power from solar
cells.

03 Air Flow

We have various vents around the
room that will evenly distribute the

(0)3) Plumbing
The water is pumped out of the 50
gallon tank and.up to the roof of the
module where it is divided into each
of the shelving-segments

AEROPONICS

SYSTEM

01 The Design

It is both customizable, as
well as versatile for each
type of plant that is grown in
it. The gravity, or lack
thereof, should not affect
the way the plants get

watered. % \% % %

02 The Function

Our system sprays water
for 15 mins and stands by
for 45 minutes. The light
is on for 14 hours of the

R 17

03 Results

The system had a difficult

time growing the bamboo due

to difficulties propagating.

However we had success
Qwing spider plants.

GREENHOUSE
DESIGN

Our design uses a modular
shelving system. The shelves
around the edges are all 30
degree segments based on the
20 foot diameter. They have
been designed to be movable
and replaceable. Shelves can
also be removed to grow taller
plants.




Problem statement

NASA needs a sustainable and cheap
building material to use for construction and
repairing on the moon and need a cheaper
way to remove carbon dioxide from space
moon bases. They plan on using bamboo
because of its ability to quickly remove
Carbon dioxide and as a temporary repair
material.

Most plants in small numbers do not
produce enough oxygen, nor

remove enough carbon dioxide to be used
in a small spacecraft and would

require a very large volume. There are,
however, several species of plants

that photosynthesize large amounts of
carbon dioxide and release oxygen

back into the atmosphere. Bamboo has
been studied extensively and is
considered the most efficient at removing
carbon dioxide from the air and

turning it into plant fibers.

The long-term goal for a lunar base is to
develop mining and manufacturing
capabilities. Making things that can be
used on the moon and things that could
be sent to space from the moon. Many
people are hoping to mine water ice from
the dark segments of the moon and be
able to use it for oxygen, and for fuel for
spacecraft that could be launched from
the moon.

https://www.nasa.gov/science-res
earch/lunar-martian-greenhouses-
designed-to-mimic-those-on-earth/

Video Link

(]2

.'| lﬁb
e

By:
Garrett Reese

Engineering Design and
Development
HTHS




Features:

e Extra strong material
above bamboo to
prevent it from
breaking through the
inflatable material
Dome shaped roof
Lights and irrigation
Shaded roof
Very Durable
Large area for
growing bamboo

helping people live on the moon

e  Bamboo grows quickly and removes
large amounts of carbon dioxide from

the air

e Can be used as a building/repair
material

e Bamboo can be eaten when boiled in
water

The Facts

Some bamboo can grow up to 2 feet or
more in a day, implying that they are
removing a large amount of carbon
dioxide from the atmosphere. Growing
two or 3 feet per day would obviously be
a problem on a small spacecraft.
However, if you have a large growing
space on the moon, it may be possible to
grow bamboo not just for carbon dioxide
removal, but also to utilize the plant
stocks as a structural material.

Growing bamboo has a number of
benefits. CO2 removal, most bamboo
shoots are edible, act as a structural
material for construction on the moon but
also the act of growing it is a mental
health activity for the astronauts—a little
bit of Earth on the moon. This Bamboo
garden is not intended remove all of the
CO2 but is intended to act as a back up
to the mechanical and chemical systems.









































































Project Description

Our group was prompted with a problem by NASA HUNCH to design a
sustainable habitat on the moon that will house plants and produce natural
oxygen as well as remove carbon dioxide. Bamboo has been identified as a
% highly efficient plant for converting carbon dioxide into oxygen. Therefore it is
Greenhouse deemed an ideal plant to grow on the moon. Since transporting anything like
soil from Earth to space is remarkably expensive, NASA would like to grow
bamboo and other plants in lunar regolith (dirt) to save money.
In addition to designing a lunar habitat, we were asked to grow bamboo in
simulant lunar soil, which in our case, turned out to be decomposed granite.

FROM DIGITAL QIR (o b et TO PHYSICAL

ideo

.h; -E
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Contact Us

Ella von Mosch
ellavonmosch@gmail.com
Miles Roberts
miles.ben22@gmail.com
Ezra Lifferth
ezralifferth@gmail.com
Renee Chambers
reneechambers@smsd.org

Pictures
Throughout the
Project

Final Slideshow
Presentation












Michael Hayes
Team had all the key parts ( 2 Page Brochure and WEB Site ):
...
https://dj19877.wixsite.com/nova-nautilus/5-w-s
...
1- Discussion on Plant Choice
2- Great Presentation
3- Interesting Prototype with both
Plant Interaction and Systems
- Lighting
- Irrigation
- Different types of Planters
-  HVAC
- Customizable and Movable Planters
4- Model was in two parts
a- Scale Model
b- Full Sized Model of the design of one of the planter
5- Great WEB Site and Brochure
6- Fully Engaged Team
7- Good discussion on Non Viability of Bamboo and some sucess.





LtUNAR
0ASIS

Scan QR code for an informational video

Project Green Thumb

SUMMARY

Our lunar garden combines aesthetics
with efficiency, providing a stress-
relieving oasis for lunar inhabitants. In
addition to bamboo for food, building
materials, and oxygen, we plan to
cultivate crops like lettuce, radishes,
and carrots, enhancing overall
functionality.

[YDROPONICS
SYOIEM

Our hydroponics system efficiently
grows vegetation in a soiless
environment, using only water,
hydroponic pebbles, and liquid
fertilizers. This eliminates the risk of soil
and pest borne diseases, while also
being more space efficient and
providing the plants with the necessary
nutrients.

LIGHTING

Our lighting system utilizes timer
controlled artificial grow lights to
provide optimal conditions and
maximize bamboo growth. It turns on at
8 a.m. and off at 3 p.m. to supply the
bamboo with the suggested 7 hours of
sunlight.

SUALE MODEL

Our scale model greenhouse
incorporates three different levels to
allow for underground storage of water,
lighting, and ventilation systems. This
provides more room for bamboo growth
and a larger workspace for the
astronauts.

VENTILATION
SYOIEM

Our ventilation system will use two fans
on opposite sides of the greenhouse
along with a dehumidifier to circulate
the air and regulate the temperature
and humidity

VEGETATION

Our hydroponic system supports
growth of chimonobambusa
quadrangularis, more commonly known
as square bamboo. This bamboo
thrives in an environment with
moderate temperatures and heavy
irrigation, making it ideal for our
hydroponic greenhouse. Square
bamboo is a species of running
bamboo, so using a hydroponic system
will effectively contain the roots.



Ventilation and
Filter Diagram

Project Greenthumb
Full Dome with Materials
and Dimensions

Displacement caused by
4.67 kPa pressure on
hydroponics system. Max
displacement 0.1mm

Proposed Material
Polyethylene Chloride,
thickness of 0.6inches









Problem Statement Contact information

Our group was tasked with

the creation of a 10” by 20” Andrew Saad .

dome shaped greenhouse, Phone: 713-584-5341 Lunar Bamboo

that must be habitable for Personal email: andrewjsaad@icloud.com | Greenhouse
School email: 100037440@ccisd.net

humans and plants Qs Andrew Saad and Olivia Bihm

Our Solution

We are designing a habitat that
utilizes the space given to find
the best and most efficient way
for growing bamboo and other
plants, and for movement

around the habitat Olivia Bihm

Phone: 281-678-4076

_ : Personal email: Oliviabihm@icloud.com
Power Point Presentation School email: 100039590@ccisd.net

| CLEAR CREEK
* HIGHSCHOOL
2305 E MAIN ST.
L EAGUE CITY, TX 77573
FOR: ROBIN MERRITT,

RMERRITT1@CCISD.NET




Growing process Design Growing research

After our successful cultivation of bamboo in

Physical Design multiple types of soil, we decided to have a

We used 3 separate grow beds to house Our current design employs a double circular more diverse plant selection. We moved from
our bamboo and used different ratios of design which we figured would have the best just bamboo, to cucumbers, zucchini, and
simulated regolith composed of crushed amount of grow space and walking space. We carrots.
lava rock and sand to earthly soil. The used the middle of the exclusively for growing
first 3 columns were % regolith. Then the bamboo since the middle has the most height for « We planted Moso Bamboo on 1/12
next were % regolith, then % , then full the bamboo to grow to. Then the middle we « On 1/17 we planted cucumbers, zucchini,
regolith. the missing percentages were made it to that it can accommodajte bamboo or and carrots, then they sprouted 5 days
filed with earth soil. Every four rows o.the-r plants such as vegeﬁables. Fmally,. the outer later on 1/23 the cucumbers, zucchini and
were one species of bamboo, making us ring is reserved for eruswe_ly for growing edible carrots sprouted

: food such as blueberries radishes, and/or carrots. » On 1/29 we planted more bamboo, giant

grow 6 different species of bamboo. bamboo and Japanese timber bamboo.

e On 1/31 we transferred the best sprouts
of cucumber, zucchini and carrots into a
bigger growing environment.

Mixture of Air

In the upper ring it
carries the air to
the habitat. At four

Species we grew
e (Costa Ricared
e Black Bamboo

° Sergras separate and even ke
bamboo intervals, there is a ._ \i o :
* Tropical black yem 150 et t::he 21§ A\ s e 4 cucumbers &‘ﬂ;ﬁ«uﬂ-’i‘: _
® FarQESia and circulate it | ii f;f;::f;;%:-;{‘h A echee -  f:g;i:f_z’?? | |
bamboo thought the habitat - ' hefora B fg;"w.‘iﬁ}
e Natural % transplanting {*:: +¢:-* .
L Lighting ' 1129 ESE BN
Under the grow bed's roofs, Humidity
there »:Nill be full spectrum There lsa e
i:::i Shz:];i&?] 'support il h.ufnidifier/ dehumi first sprouts of The carrots
Lighting There is rotatable grow f:hﬁer to controil the carrots on 1/23 before
internal humidity transplanting
We found that lights to compensate 1o the 1/29
utilizing LED grow bamboo’s growth /

- lights utilizing red and
i"‘.-:- full spectrum color to Our habitat’s watering will be The aft.ermath
" influence and though a soaker hose drip type of moving t/he
efficiently grow the system. The hose will~drip water cu;:}lr:tizrs ZUu
bamboo f seeds Hydration onto plaints in the soil. All unused C(.: ini
IR system water will recycle back into the bigger cups
1/31

water system.




HABITAT DESIGNS

L AUREN HUMBLE 1 1™ GRADE

100037860@CCISD.NET

GREENHOUSE

MADISON STILLEY HOWARD 1 1™ GRADE BY: LAUREN HUMBLE &

100038685@CCISD.NET
MADISON STILLEY HOWARD

OUR ORIGINAL HABITAT DESIGN HAD OUR BAMBOO GROWING
IN THE CENTER WITH A CURTAIN SURROUNDING IT ALONG
WITH 4 GROWING BEDS AT GROUND LEVEL. WE CREATED

LIGHTING RODS ACROSS THE TOP OF THE CEILING. WE THEN

MADE TWO SEPARATE ROOMS THAT WOULD ISOLATE HUMIDITY

LEVELS ALONG WITH SHELVING AND WATER STORAGE UNITS

ON BOTH SIDES. OUR PRIMARY FLAW WITH THIS DESIGN WAS

THE TWO POD WALLS, SO WHEN REVISING OUR DESIGN, WE
CHOSE TO CREATE SIMPLER WAYS TO DIVIDE THE SPACE
WITHOUT HAVING A LOT OF WEIGHT RELYING ON THE WALLS.

MADISONSTILLEYOG@GMAIL.COM

832-260-4408

PROBLEM STATEMENT

-CAN BAMBOO BE USED TO REMOVE CARBON

DIOXIDE FROM THE AIR, SUPPLY OXYGEN AND
BE A STRUCTURAL MATERIAL ON THE MOON?

-WHAT WOULD THE GREENHOUSE LOOK LIKE
WHEN BUILT FOR THE MOON?

OUR FINAL HABITAT DESIGN KEPT OUR GROWING BED IN THE 5 -:
CENTER WITH THE CURTAIN. WE KEPT THE 4 GROWING BEDS i r L
SURROUNDING AND MADE CHANGES TO THEIR SHAPES TO ADD I -
WATER STORAGE. WE ALSO MODIFIED THE WAY WE WANTED
TO STORE THE WATER. BY CREATING A BETTER STORAGE & “‘;L |
CONTAINER, WE DOWNSIZED TO ONLY HAVING ONE POD ON N e - i;: J
THE SIDE WHERE INSIDE WE CREATED A RISER SYSTEM TO .
HOUSE DIFFERENT TRAYS OF PLANTS. WE ADDED ADJUSTABLE 4 i u
VENTS TO CONTROL THE HUMIDITY IN THE POD. WE CREATED A - *
DOOR TO OUR POD TO TRAP MORE HUMIDITY IN IT IF NEEDED. r n
WE ADDED CLIP ON LIGHTS TO OUR RISERS SO THE LIGHTING ‘ BT
CAN BE SPECIFIC FOR EACH PLANT GROWING IN THE POD. FOR
THE OTHER LIGHTING OUTSIDE THE DOME, WE CREATED a
JUSTABLE LIGHT PANELS THAT GO OVER OUR 4
SﬁgﬁOUNDING GROWING BEDS. ON THE OTHER SIDE LINKTO OUR POWERPOINT
ADJACENT FROM OUR DOME, WE CREATED ANOTHER RISER
SYSTEM FOR STORAGE OF WATERING CANS, POTS AND OUR
CLIP LIGHTS AND ANY OTHER MATERIALS NEEDED TO BE
STORED. WE ADDED 2 GROWING BEDS ONE IN THE BACK BY

THE WATER STORAGE AND ONE NEXT TO OUR RISER STORAGE MR. MERRITT
THAT DON'T HAVE ANY DIRECT LIGHTING ON IT FOR PLANTS
THAT DONE NEED DIRECT LIGHT TO GROW. THROUGHOUT THE CLEAR CREEK HIGH SCHOOL.

DESIGN WE CREATED MANY ADJUSTABLE FACTORS SINCE
PLANT GROWTH IS UNDETERMINABLE.



PLANTING PROCESS

ONE MAIN QUESTION WE WANTED TO
ANSWER WAS HOW MUCH SOIL NEEDED
TO BE BROUGHT TO THE MOON, SO WE
RAN TESTS WHICH INCLUDED DIFFERENT
MIXTURES OF SOIL AND LUNAR REGOLITH
SIMULANT. WE DID THIS PROCESS
THROUGHOUT ALL THREE EXPERIMENTS.
WE ALSO DID RESEARCH ON LIGHTING
OPTIONS FOR US TO USE TO COMPARE
COLORS, WATTAGES, AND HEIGHTS.
AFTER OUR RESEARCH WE LANDED ON
THREE RED-FULL SPECTRUM 20-WATT
LIGHTS THAT EMIT WAVE LENGTHS OF
660NM 630NM AND WE THEN SET UP A
GREENHOUSE THAT ACCOMMODATED
FOR ALL THESE ASPECTS. WE MADE THE
LIGHTS EVENLY SPACED OUT 18 INCHES
ABOVE OUR PLANTS, SO THE LIGHT WAS
ARRANGED EVENLY.

OUR EARTH HABITAT WITH OUR HUMIDITY DOMES AND
OUR LIGHTING.

— C T — | . ;
-- N T B4 = BRIRMCAIT D)
GROWTH EXPERIMENT 2

IN THIS EXPERIMENT, WE ARE GROWING MOSO. GIANT
TIMBER & JAPANESE GIANT TIMBER BAMBOO. WE ALSO
PLANTED CARROTS, CUCUMBERS, AND ZUCCHINI. WE
ARE TESTING OTHER VEGETABLES TO SEE IF
ASTRONAUTS COULD GROW AND EAT FRESH
VEGETABLES AND FIND MORE SCIENTIFIC RESEARCH
REGARDING PLANT GROWTH WITH LUNAR REGOLITH.

JANUARY 12™ PLANTED MOSO BAMBQO.

JANUARY 1 7™ PLANTED CARROTS, ZUCCHINI &
CUCUMBERS.

JANUARY 23RD SPROUTED CARROTS, ZUCCHINI &
CUCUMBERS

JANUARY 29™ PLANTED GIANT AND JAPANESE BAMBOO

JANUARY 3 15T REPLANTED CARROTS, ZUCCHINI &
CUCUMBERS

ENVIRONMENT THEY WERE IN SO IN OUR THIRD AND LAST
EXPERIMENT, WE STARTED OUR SEEDS OFF IN A BIGGER POT
KEEPING UP WITH THE SOIL RATIOS. WE DISCOVERED YET AGAIN
THAT CUCUMBERS AND CARROTS CAN SPROUT IN ANYTHING.
WE ALSO HAD SOME LEFT OVER GIANT AND JAPANESE
BAMBOO, SO WE WANTED TO TEST TO SEE IF A BIGGER
GROWING ENVIRONMENT WAS BETTERS SUITED FOR OUR
BAMBOO.

GROWTH EXPERIMENT 1

IN OUR FIRST EXPERIMENT, WE PLANTED SIX
DIFFERENT BAMBOO SPECIES TO SEE WHICH
ONE GREW THE BEST WITH DIFFERENT
ENVIRONMENTAL ASPECTS. WE WERE ABLE TO
HAVE 4 BAMBOO SEEDS SPROUT, THEY ONLY
LASTED ABOUT A MONTH BEFORE THEY DIED. WE
| EARNED A LOT DURING THIS EXPERIMENT OVER
THE COURSE OF 3 MONTHS. DISCOVERING HOW
LONG IT TAKES FOR BAMBOO TO GROW, LEAF
BURN AND OTHER ASPECTS WE DID NOT

CONSIDER.

11/1
COSTA RICA RED §
3/a REGOLITH

11/2 SEIRGRAS
3a REGOUTH

11/6 X
COSTA RICA RED gisf
34 REGOLITH

11/6 FARGESIA
%/a REGOUTH

i

11710 cosTA
RICA RED
3%/a REGOLITH

11710
SEIRGRAS
¥%a REGOLITH

FARGESIA
/2 REGOLITH

FARGESIA
/4 REGOLTH

12/1/23

COSTA RICA RED
3/a REGOLITH

FARGESIA
Va2 REGOLITH

FARGESIA
/2 REGOLITH

SEPTEMBER 29™ WE PLANTED.

OCTOBER 5™ OUR EARTH GREENHOUSE WAS COMPLETE.
NOVEMBER 15T START OF OUR GROWTH

NOVEMBER 22N REPLANTED THE BAMBOO INTO BIGGER
POTS.

DECEMBER 22N° QUR BAMBOO DIED
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