CALIFORNIA STATE SCIENCE FAIR
2015 PROJECT SUMMARY

Name(s) Project ber
Shannon S. Chen

/N 35164
Project Title
Design and Construction of a Miniature Helium Air
TN
Obj ectives/Goals Abstract
This project aimed at developing a design concept for a miniature heHos iANth aminimal size
and sufficient lift to carry necessary payloads for outdoor applicatfops: C validated by

successful fabrication and flight demonstration of a mini-airship.
Methods/Materials

The mini-airship had a gas bag and a non-rigid hull ded byng caon skeletdn frame. This
unconventional combination eliminated the perm s{ orNQe hull and reduced the strength
requirement of the gas bag. Lightweight materials thus cogld O§struction. The skeleton
frame, though flexible, allowed streamline hull shaping and\{OM Ing support for the propellers
and payloads. To select the most efficient propeller, the 3, NefasQ speed, and power consumption of
various propellers were measured with a homemade, AWV a solar cell to detect the propeller
rotation. A new parameter, the ratio of propeller thriq to totaNowWe Consumption, was defined and used
for propeller selection. Calculations based on mg 85 were performed repeatedly to reach

adesign that had sufficient thrust and lift.
Results

The mini-airship had avolume of oRly 1.1 cdR ayleight of 0.895kg. A payload lift capacity

of 0.25kg was achieved at a buoyaé Outdoor flight test demonstrated a speed of >3.3

m/s. Thiswas the smallest airship thiat g achiev®e sisly combined performance. Its hull shape was

scaled from Model 111 in the ACA red] drag at low Reynolds numbers. The hull
length to maximum diameter g o frORq the original value of 5to 2.5 for easy handling of the
airship. Unexpectedly, a depenae g S hrust on the third power of the propeller diameter
was observed. To explain the obs _Q_an int&yal equation was derived from the blade element

sord and the lift coefficient of the blade element isa

constant along the radius of t Mer thrust is proportional to the third power of the
diameter.

Conclusions/Discussion
For the first time, a nonfi ag was combined to form amini-airship. The mini-airship
had the smallest hull y, pacity and outdoor flight ability it demonstrated. These results

/N

Summary ent N
Based owa iy desfOr/concept, a mini-airship was fabricated which had the smallest hull volume for the
0.25kg lift } d >3.3 m/s outdoor flight speed it demonstrated.
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