Experiment Results

Key Findings:
Overall, the Split Scimitar winglet design had the largest effect on the percent
change in weight, averaging 4.4%. This is shown on my bar graph.

Introduction & Hypothesis

Purpose of Project:
The purpose of my project was to determine which style of winglet on an airplane
wing generates the highest percentage of lift to counteract drag on the wing. My
experiment measured the percent change in weight of different wingtip designs.
The goal of my project was to determine which style of winglet was the most
effective at combating wingtip vortices, which are pockets of spinning air that
cause drag.

Need a Lift?

« The Blended winglet had the smallest effect, with an average percent
change in weight of 3.3%. | find this interesting, because the Blended
winglet and the Split Scimitar winglet are the most similar designs of all the
winglets. The only difference is that the Split Scimitar has an additional fin
on the side of the main winglet.

The effect of wingtip style on a wing’s percent change in weight
when run through a wind tunnel

Background:
To better understand my project, you need to know about the aerodynamics of an
airplane. Aerodynamics is the study of how forces act on a moving object. There
are two main forces in aerodynamics: lift and drag. Both of these forces push air
towards the surface of the wing, creating shear stress and pressure. Shear stress
is the force applied to the surface of the wing. Pressure is the force applied
perpendicular to the wing. (Plotkin, 2022)

The Raked, Canted, and Control (no winglet) averaged close together in
percent change in weight, at 3.9%, 3.7%, 3.8% respectively. The Control
design (no winglet) had the middle average percent change in weight

Experiment DeSign among all five designs.

Data Patterns from Trials:

Levels of Independent Variable (Wlngtlp Style) It is also interesting to look at the trial outcomes individually. This is shown in my

dot plot. Overall, the Split Scimitar has the highest number of trials with percent
No Wingtip (Control) Raked Canted Blended Split Scimitar weight change results above 3.82% (which was the overall average percentage
weight change across all 50 trials). Additionally, it is the only design with no trial
outcome with a percentage weight change value below 3.5%.

« Lift is an upward force that causes pressure, which is needed to keep an
airplane airborne by counteracting the gravitational pull on the airplane.
The motion of the airplane flying through the air naturally causes pressure

on the upper and lower surface of the airplane’s wings. The air on the top

of the wing moves faster than the air moving under the wing. This
pressure difference, causing the lift, can be changed by altering the
design of the airplane wing, such as by adjusting the camber (curvature)

or the angle of attack of the wing. (Plotkin, 2022)

- The Raked winglet had the largest range in outcome values, with the
percent of weight change ranging from 2.1% to 5.2%. In fact, the Raked
winglet trials produced both the lowest percent change in weight and the

Drag is an aerodynamic force that causes shear stress by pushing an second highest percent change in weight of all the designs.

object in the opposite direction. In airplanes, drag occurs from high
pressure air on the underside of the wing escaping at the wingtip and
causing vortices, or spinning air. These vortices pull the airplane back,
creating the drag. The airplane then has to burn more fuel to maintain
sufficient lift. (Plotkin, 2022) (Boldmethod, n.d.)

The other wing designs demonstrated more consistent results across each
of their ten trials.

Across all 50 trials, there was considerable overlap in the percentage
weight change outcomes of each wing design. This makes it somewhat
harder to draw conclusions from my experiment results.

The best way to reduce the effect of vortices is to add winglets to the airplane

wing. Winglets generate more lift perpendicular to the wind. This additional lift Dependent Variable: Constants:

helps to fight the drag created by vortices. A plane with winglets has 20% less Percent Change in Weight When Run » Wing Design
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How Does this Help the Aviation Industry?

Step 3: Built a Wind Tunnel | Blended Spilt Scimitar Even though my wingtip design results were inconclusive, my project does
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when the fan was turned on at full speed.
» Repeated trial 10 times for each wingtip design (50 trials total)-- made
sure to position wings in the same spot in the wind tunnel for all trials.
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Global aviation accounts for 1.9% of greenhouse gas emissions
All images and graphics were created by the researcher unless otherwise noted and 2.5% of carbon dioxide (CO,) emissions! (Ritchie, 2020)
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